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FOREWORD 


1 


This  report  was  prepared  to  record  results  of  a 
research  and  development  project  identified  by  Research 
and  Development  Order  R- 10 0-90,  "Airborne  Electronic 
Altimeter  for  Mapping."  The  project  was  under  the  direc- 
tion of  the  Altimeter  Section,  Aircraft  Radiation  Labo- 
ratory, WADC,  with  Captain  J.  Raul  Georgi  acting  as 
project  scientist.  Following  the  transfer  of  Captain 
Georgi  to  another  section  of  the  laboratory,  Mr.  Albert 
Goldman,  Chief,  Altimeter  Section,  completed  the  prepara- 
tion of  the  report. 

Acknowleugement  is  made  to  Messrs.  S.  Tomberg,  S.A. 
Segen,  J.K.  Limoli,  and  O.M.  Minnich  of  WADC,  and  to  Mr. 
R.T.  Wahl,  Jr.,  formerly  of  WADC,  for  their  valuable 
assistance. 
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ABSTRACT 


Sixteen  Altimeters  AN/APN-57 > manufactured  by  the 
RCA  Victor  Division,  Camden,  N.J.,  were  tested  by  the 
Aircraft  Radiation  Laboratory,  Directorate  of  Labora- 
tories, WADC,  and  by  other  agencies.  Results  of  type 
tests,  accuracy  tests,  ground  tests,  and  antenna  pat- 
tern measurements  are  presented.  The  equipment  meets 
all  of  the  exhibit  requirements,  provided  a calibra- 
tion error  is  compensated  for  during  either  zero  adjust- 
ment or  data  reduction.  It  is  concluded  that  future 
devices  of  this  type  should  include  a stabilized  antenna 
system.  A higher  carrier  frequency  would  permit  attain- 
ing the  same  or  narrower  antenna  beamwidth  with  a smaller 
antenna.  Photographic  recording  of  data  is  not  entirely 
satisfactory,  and  other  methods  are  suggested. 


PUBLICATION  REVIEW 


This  report  has  been  reviewed  and  is  approved. 
FOR  THE  CCM-1AWDING  GENERAL » 


Chief,  Aircraft  Radiation  Laboratory 
Directorate  of  Laboratories 
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INTRODUCTION 


The  preparation  of  accurate  charts  and  maps  from  aerial 
photographs  is  Impossible  without  reliable  vertical  control 
(a  method  whereby  ground  elevation  with  respect  to  sea  level 
is  obtained)  in  order  to  establish  the  contours  of  the  ter- 
rain. many  photographic  mapping  arid  charting  operations  will 
be  conducted  over  enemy  territory  where  no  such  control  data 
are  available.  The  «.rmy  Air  Forces  Directorate  of  Photography, 
therefore,  proposed  on  1+  November  1942  that  vertical  control 
be  obtained  from  an  aircraft  in  flight  by  means  of  a radio 
altimeter  (providing  height  of  the  aircraft  above  the  terrain) 
and  a barometric  altimeter  (providing  height  of  the  aircraft 
above  sea  level).  Action  was  taken  on  this  proposal  using 
iiadio  Net  0CA-7IS-O  to  obtain  vertical  control,  but  because 
of  certain  inadequacies  of  the  dCu-ylS-O,  particularly  the 
wide  antenna  beam,  it  was  concluded  that  this  method  was  not 
accurate  enough  for  use  over  mountainous  terrain.  It  was, 
therefore,  recommended  (see  Air  Technical  Service  Command, 
Engineering  Division,  memorandum  Report  No.  TSERL-L-bofl-lpp-S, 
Subject:  Vertical  Control-itadio  Altimeter,  dated  ']  September 
I9I45 ) , that  a project  be  opened  to  study  and  develop  a system 
of  vertical  control  that  ’would  be  suitable  for  both  flat  and 
mountainous  terrain. 

A conference  (see  Appendix  I)  was  held  at  the  Radar  Labo- 
ratory/, AMO,  5 January  l'pi+o  and  the  requirements  of  an  equip- 
ment suitable  to  furnish  adeeuate  vertical  control  were  dis- 
cussed. 

On  2 May  19)4.6,  Technical  Instructions  220l|.,  Addendum  1 
(see  Appendix  II)  was  prepared  at  ARC,  and  from  this,  a project 
was  established  which  was  identified  by  Research  and  Develop- 
ment Expenditure  Order  101-99,  "Vertical  Control  Altimeter 
AN/APN-57, " and  which  was  later  changed  to  Research  and  Devel- 
opment Order  A-10S-90,  "Airborne  Electronic  Altimeter  for 
Mapping. " A letter  contract  was  awarded  on  6 June  19)46  to  the 
RCA  Victor  Division,  Camden,  N.J.,  for  the  design  and  construe-  . 
tion  of  16  models  of  the  vertical  control  altimeter.  Contract 
No.  \fj> p-  0 3 9-  a c- 1 5 029  was  signed  on  5 May  19)47 • The  first 
Altimeter  AN/aH-I-57  was  delivered  by  rCA  on  9 July  1947 • 

Delivery  of  all  of  the  contract  items  was  completed  on  II4 
December  19)49. 
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SECTION  I - FUBPOSE 


The  evaluation  of  Altimeter  AN/APN-57  described  in  this  report  was 
conducted  in  order  to  determine  whether  the  equipment  met  the  requirements 
of  the  applicable  exhibit  and  subsidiary  specifications. 


SECTION  II  - METHOD  OF  ATTACK 


The  evaluation  of  Altimeter  AN/APN-57  was  -conducted  in  accordance  frith 
established  procedures  of  the  Aircraft  Eadiation  Laboratory.  The  ta#k  was 
broken  down  into  several  sections,  described  in  detail  in  Section  III  of  this 
report,  as  follows: 

Type  Tests 
Plight  Tests. 

Accuracy  Tests 

Antenna  Pattern  Measurements 

Life  Test 


SECTION  III  - FACTUAL  DATA  AND  RESULTS 


A.  General  Descriptions 

Altimeter  AN/APN-57«  shown  in  Figure  1,  is  an  airborne  equipment 
designed  to  indicate  the  absolute  altitude  (terrain  clearance)  of  an  aircraft. 
The  equipment  operates  at  altitudes  between  10,000  and  3^,000  feet.  Altitude 
is  registered  on  a servo-operated  three-pointer  dial  which  is  calibrated  from 
0 to  100,000  feet.  A cathode-ray  tube  indicator  shows  the  instantaneous 
error  up  to  ±500  feet  in  the  servo-indicated  altitude. 

On  the  error  scope  the  received  pulse  is  displayed  as  an  outwardly 
directed  pulse  on  a circular  trace,  while  a marker  pulse  nominally  at  zero  is 
directed  inwardly.  The  equipment  consists  of  an  antenna  assembly  (Figure  2) 
and  associated  trim  control  box,  a transmitter-receiver  unit  (Figure  3)*  an^ 
an  indicator  unit  (Figure  4) . The  over-all  weight  of  the  complete  equipment 
less  cables  is  l60.4  pound-.  The  carrier  frequency  is  in  the  range  of  93^5 
to  qhnp;  megacycles. 

The  transmitter^-receiver  is  a modified  BT-69/APS-IO.  Output  is  a 
pulse  of  about  0. 25-microsecond  length  and  Vkw  peak  power.  The  60-inch 
dianeter  parabolic  antenna  reflector  provides  a beam  width  of  about  1.  6e  at 
the  half-power  points.  Power  requirements  are  5^0  watts  at  115  volts,  3^°“420 
cycles,  and  32.5  watts  at  26.5  volts  DC. 
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Fig.  1.  Composite  View  of  Altimeter  AN/APN-57 

1.  Transmitter-receiver  HT-125/APN-57  on  mounting  MT-292/APS-10 

2.  Control  box  C-226/APS-10 

3.  Antenna  assembly  AS-368/APN-57 

4.  Indicator  ID-222/APN-57  on  mounting  MT-613/APN-57 


m' 


Fig.  2.  Antenna  assembly  AS-368/APN-57  (Front  view) 


WADC  TR  52-193 


r 


Fig.  3. 


Transmitter-Receiver  RT-125/APN-57  on  Mount- 
ing MT-292/APS-10  (Front  View) 


Fig.  4*  Indicator  ID-222/APN-57  on  Mounting  MT- 

613/APN-57 
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LIST  07  MAJOR  COMPONENTS 


Name  of  Unit 

Tj^e  Designation 

Weight  (lbs 

Size 

Antenna  Assembly 

AS-368/APN-57 

31.0 

a 17/32  in.  62  7/16  in. 

diameter 

Transmi t ter-Ee cei ver 
Unit 

' RI- 125 / APN- 5 7 

^3.5 

l9  in.  x 12  in.  diameter 

1 

Indicator  Unit 

ID-222/APN-57 

1 

76.0 

I 10  7/S  in.  x 15  l/2  in.  x 
23  in. 

mm  n i *mm 

*>.5 

wMnas&isisim 

2.3 

Trim  Control  Box 

HHBH 

B.  Type  Tests: 

Type  tests  were  conducted  on  Serial  No.  1 in  April  and  May  1948  and 
on  Serial  No.  2 in  August  and  September  1948  by  the  RCA  Victor  Division, 

Camden,  N.  J. , and  witnessed  by  WADC  observers.  The  type  tots  tel  uded  the  following 
specific  tests  (paragraph  numbers  refer  to  Specification  ll-S^ka) : 


1.  Spot  temperatures (Par.  D-lm) 

2.  Temperature  range  ~55°C  to  +71 ®C  (Par.  D-2a(l)) 

Measurements  were  made  on  goniometer  linearity,  transmitter 
output,  receiver  sensitivity,  oscillator  frequency,  and 
tracking  of  the  3^c  gate  and  the  9 8 kc  trigger  pulse. 

3.  Humidity  (Par.  D-2a(2)) 

4.  Altitude  (35,000  feet) 

5.  High  temperature,  nonoperating,  +85°C  (Par.  I>-2b(l)) 

6.  Humidity,  nonoperating  (Par.  D2b(2)) 

7.  Altitude,  nonoperating,  40,000  feet  (Par.  D-2b(3)) 

8.  Vibration  (Par.  D-3b) 

9.  Input  voltage  and  frequency  variation,  90  to  135  volts.  300  to 
1000  cps  (Par.  D-4b(l),  (2),  and  (3)) 


h 
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In  general,  the  equipments  met  the  type  test  requirements 
satisfactorily.  A summary  of  the  results  follows S 

1.  Maximum  spot  temperatures  for  eight  hot  spots  were  measured 
and  did  not  exceed  the  ratings  in  the  five  instances  for  which 
ratings  were  available. 

2.  Goniometer  linearity,  transmitter  power  output,  timing  oscillator 
frequency,  and  gate  tracking  were  not  appreciably  affected  by 
temperature  changes.  Receiver  sensitivity  decreased,  but  nc* 
excessively  at  low  temperature. 

3.  Goniometer  linearity  was  degraded  following  the  humidity  test, 
but  returned  practically  to  normal  24  hours  later.  Transmitter 
output  was  not  affected  by  the  humidity  test.  Receiver  sensitivity 
was  degraded  severely  by  humidity  and  did  not  recover  (in  set  #l) 
within  24  hours.  The  focus  of  the  oscilloscope  of  one  indicator 
was  affected,  but  recovered  15  minutes  after  the  test. 


4.  The  equipment  operated  satisfactorily  for  15  minutes  at  a pressure 
equivalent  to  an  altitude  of  40,000  feet. 

5.  The  equipment  operated  satisfactorily  following  the  high 
temperature  (nonoperating)  test. 

6.  The  equipment  operated  satisfactorily  during  the  vibration- 
test  except  for  the  failore  of  one  tube  while  the  direction 

of  vibration  table  movement  was  being  changed  from  horizontal 
to  vertical. 

7.  T]ae  indicator  operated  satisfactorily  with  input  power  source 
variations  from  90  to  135  volts  and  3^0  to  1000  cps,  but  the 
transmitter-receiver  ARC  would  function  only  between  110  and  120 
volts.  Detailed  type  test  procedures  and  results  will  be  found 
in  Appendix  IT  of  this  report. 

C.  flight  Tests? 

Installation: 

Upon  receipt  of  the  first  intenna  Assembly  AS-368/ ART-57.  2 May  1947, 
plans  for  installation  of  Altimeter  All/APlT-57  in  Photographic  Laboratory 
aircraft  (type  B-29,  number  43-65223)  were  made.  Because  of  the  size  of  the 
antenna  the  only  location  available  for  it  was  in  the  rear  bomb  bay  (see 
figure  5).  Transmitter-Receiver  RT-125/AFN-57  was  installed  in  the  rear 
bomb  bay  on  a platform  daove  the  antenna  mount  (see  figure  6)  so  that  the 
waveguide  transmission  line  would  be  as  short  as  possible.  Indicator 
ID-222/ ART-57  was  installed  on  a table  in  the  rear  pressurized  section  just 
forward  of  the  left  scanner's  position  (see  figure  7)* 
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Fig.  5.  Antenna  Installation 
1.  Antenna  assembly  AS-368/ APN-57 


Fig.  6.  Transmitter-Receiver  Installation 
1.  Transmitter-receiver  RT-125/APN-57 
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Fig.  7.  Indicator  Installation 
1 . Indicator  ID-222/APN-57 

Local  Flight  Test: 

This  flight  was  conducted  in  B-29,  Ho.  43-65223,  on  11  July  1947 
and  was  considered  a performance  demonstration  of  the  altimeter  "by  the  manufac- 
turer. The  terrain  flown  over  in  this  flight  was  rather  flat,  with  a few 
hills  of  less  than  3^0  feet  in  height;  during  normal  flight,  hanking,  and 
climbing,  the  follo\ving  observations  were  made; 

a.  Performance  of  the  AH/ API!- 5 7 was  adequate  down  to  8,000  feet; 
the  exhibit  requires  operation  between  the  altitudes  of  10,000  and  35,000  feet. 

b.  The  3“P°in'ter  meter  in  the  indicator  v/as  fairly  steady  and 
easily  read,  but  the  error  indicator  was  difficult  to  read  at  times.  The  error 
indications  were  much  steadier  over  water  (Lake  Erie). 

c.  Over  water  at  times  the  reflected  signal  momentarily  became  so 
strong  that  the  AGO  reduced  the  amplitude  of  the  indicated  pulse  about  one- 
third  of  normal.  This  is  explained  by  the  fact  that  the  AGO  of  the  AH/APH-57 
had  been  adjusted  for  the  flight  tests  conducted  in  the  manufacturer's  own 
airplane  (AT-ll)  which  had  a small  18-inch  parabolic  reflector  instead  of  the 
high  gain  60-inch  reflector  used  in  the  B-29. 

d.  Over  water,  during  banks,  the  signal  pulse  disappeared  and 
the  hand  on  the  3“P°i11'fcer  nieter  tended  to  return  to  zero.  Over  land, 
sufficient  radiation  was  returned  by  scattering  so  that  banking  the  airplane 
did  not  have  such  an  effect,  although  a slight  increase  in  the  indicated 
altitude  was  noted. 


WADC  TR  52-193 


(In  a previous  flight  in  the  manufacturer's  AT-11  with  the 
18-inch  antenna  the  M/arJ-57  did  not  work  nearly  so  well  as  in  the  B-29.  ^he 
former  flight  had  "been  conducted  over  hilly  land,  which  may  have  "been  one 
reason  for  the  poorer  performance  of  the  AR/aPIT-570 

It  was  concluded  from  this  flight  that:  (l)  the  error  indicator 

night  he  difficult  to  read  and  photograph,  (2)  performance  over  hilly  terrain  1 
needed  further  investigation,  and  (3)  there  was  a possibility  that  if  the 
airplane  were  not  level  a slant  range  error  might  he  introduced. 

W 

Colorado  Flight  Test  (August,  19^7) : 

This  was  another  performance  test  of  the  AH/AFR-57  conducted  in  B-29 
Ho.  43-65223.  over  high  mountains  (12,000  to  15,000  feet),  sandy  soil,  and 
water.  The  course  flown  was  west  from  Lowry  APB,  Denver,  Colorado,  over  the 
mountains  toward  lit.  Powell,  (13,5^3  feet)  at  an  altitude  of  20,000  feet.  The 
heading  was  then  changed  to  south  at  25,000  feet  from  Mt.  Powell  to  lit.  Elbert 
(l4,431  feet).  The  flight  \iras  then  continued  south  at  30,000  feet  over 
Twin  Lakes.  This  terrain  included  a large  sandy  plateau.  The  following 
observations  were  made: 

a.  Performance  of  the  Aii/ART-57  was  good,  except  that  once  for 
about  15  seconds  the  error  scope  displayed  two  distinct  pulses,  one  indicating 
a positive,  and  the  other  a negative  correction,  yaking  it  impossible  to 
determine  which  to  use  as  the  correction.  The  terrain  at  this  time  was 
mountainous  and  the  ground  coverage  by  the  antenna  beam  more  than  lOscres; 
multiple  reflections  are  common  under  such  conditions,  but  the  servo  system 

is  usually  able  to  lock  on  the  earliest  and  strongest  signal. 

b.  The  equipment  performed  satisfactorily  with  a terrain  clearance 
of  only  6000  feet,  exceeding  the  exhibit  requirement  (10,000  feet)  by  a good 
margin. 


Photographs  were  made  of  the  indicators  in  operation,  but  because  of 
improvised  nature  of  the  camera  setup,  the  results  were  unsatisfactory.  After 
this  flight  test  program  on  the  first  model  of  All/APlT-57,  the  equipment  was 
returned  to  the  contractor  for  rework;. and  for  use  as  a guide  in  fabrication  of 
the  remaining  models. 

D.  Accuracy  Tests: 

Phoenix,  Arizona  (February  1949) t 

The  first  reworked  equipment  was  delivered  in  June  1948.  A flight  was 
made  over  a ground-control  area  near  Phoenix,  with  photographs  made  simul- 
taneously of  the  ground,  using  type  T~5  and  T-9  aerial  cameras,  and  of  the 
Atf/APH-57  indicator  readings.  The  film  records  were  turned  over  to  the  Mapping,  * 
Charting,  and  Reconnaissance  Research  Laboratory,  Ohio  State  University  Research 
Foundation,  Columbus,  Ohio,  for  analysis  and  computation  on  a photogrammetric 
basis.  The  AIi/apN-57  average  error  was  found  to  be  +80  feet  in  20,000  feet. 
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exceeding  the  specified  limit  (±0.2j 5 of  the  indicated  altitude.)  The  contractor 
was  therefore  asked  to  eliminate  this  error.  The  complete  report  of  tnese 
tests  is  included  in  Ohio  State  University  Research  foundation  Technical 
Paper  55,  30  April  1949,  "Report  of  Phoenix  Mission  Accuracy  Tests  Made  on  Radio 

Altimeter  AIl/APH-57s* 


ground  Tests  (first  Series,  July  and  August  1949) i 

Since  it  was  the  opinion  of  the  RCA  engineers  that  the  80-foot  error  was 
not  entirely  due  to  the  altimeter  and  that  the  greater  portion  of  the  error 
arose  in  the  photographic  scaling  and  interpretation,  a ground  test  was 
arranged.  A surveyed  range  of  10,500  feet  with  stakes  at  125-foot  intervals 
was  laid  out  at  Area  C,  WPAEB.  A corner  reflector,  mounted  on  a platform 
(see  figure  8)  $0  feet  high  and  2000  feet  from  the  nearest  large  object,  was 
used  as  the  target.  Altimeter  AIT/AP1T-57  was  installed  in  a panel  truck  with 
the  antenna  directed  out  from  the  rear  end  of  the  truck  (see  figure  9)*  The 
truck  was  then  positioned  so  that  the  focal  point  of  the  antenna  was  directly 
above  one  of  the  stakes.  Readings  of  range  were  taken  at  125-foot  intervals 
with  various  combinations  of  each  of  15  equipments  at  ranges  between  $000  and 
10,000  feet.  In  16  valid  runs  the  average  error  was  +42.6  feet.  Complete 
data  are  given  in  Appendix  V. 

Each  indicator  had  either  a partial  or  a major  failure  before  completion 
of  the  test,  for  this  reason,  and  since  the  mean  error  of  all  the  equipments 
fell  outside  the  exhibit  limits,  the  equipments  were  all  returned  to  the 
contractor  for  repair  and  study  of  the  cause  of  the  error. 


Ground  Tests  (Second  Series,  October  1949) » 

Upon  completion  of  the  debugging  process  by  the  contractor  the  equipments 
were  returned  to  WPAEB.  The  second  series  of  ground  tests  was  conducted  with 
the  assistance  of  the  contractor’s  project  engineer,  Mr.  Keith  Law.  Based  on 
the  results  of  the  first  series  of  ground  tests  a compensating  ’’error”  of 
-40  feet  was  inserted  during  calibration.  The  mean  error  of  63  readings  (see 
Appendix  VI)  was  now  only  -2  feet.  It  was  decided  that  the  equipment  would  be 
accepted  if  it  were  proved  that  the  same  fixed  error  existed  during  flight 
tests  as  that  which  was  present  during  the  ground  tests,  It  would  then  be 
possible  to  cancel  this  error  by  proper  zero  adjustment. 

Edwards  AEB  Accuracy  Tests  (March  1950) * 

The  altimeter  accuracy  tests  were  made  on  the  precision  bombing  range, 
Edwards  AEB,  Muroc,  California,  which  has  facilities  for  determining  from  the 
ground  the  absolute  altitude  of  an  aircraft  in  flight  (with  a claimed  accuracy 
of  ±5  feet  at  25,000  feet).  These  facilities  were  operated  by  the  Aberdeen 
Bombing  Mission  of  the  Army  Ordnance  Department. 
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Fig.  9. .Antenna  Mounted  on  Truck 
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Fig.  10.  Indicator  and  Photo  Recorder  Installation 

1 . Indicator  ID-222/APN-57 

2.  Photo  recording  box 
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Fig.  11.  Sample  Frame  of  Film  Record 


The  test  procedure  was  as  follows:  The  altimeters  and  associated  camera 

equipment  were  mounted  in  the  waist  of  a B-29  (see  Figure  10);  the  AN/APH-57 
transmitter-receiver  and  antenna  were  mounted  in  the  rear  "bomb  "bay.  The  plane 
was  flown  at  about  25,000  feet  altitude  on  a course  midway  "between  two  ground 
camera  positions.  Synchronizing  signals  from  a ground  control  position  were 
sent  "by  radio  to  the  aircraft;  these  signals  triggered  a high  intensity  flash 
mounted  on  the  underside  of  the  plane,  and  operated  cameras  located  in  front 
of  i;_3  M/APN-57  indicator  add  "bank  and  turn  indicator.  Thus  at  the  instant 
the  shutters  of  the  ground  cameras  were  opened,  the  light  on  the  plane  flashed 
and  the  cameras  in  the  plane  recorded  the  readings  of  all  instruments  involved 
in  the  test.  The  flash  from  the  plane  produced  a well-defined  dot  on  the 
plates  of  the  two  ground  or  “ballistic"  cameras.  This  information  enabled  the 
Ordnance  personnel  to  determine  the  position  of  the  aircraft  in  space  with 
reference  to  the  cameras.  Later,  an  accurate  survey  of  the  point  directly 
beneath  the  aircraft  on  the  bombing  range  allowed  the  absolute  height  of  the 
aircraft  to  be  determined.  The  synchronizing  signals  were  coded  in  such  a way 
that  the  altimeter  readings  could  be  properly  compared  with  the  absolute  height 
of  the  aircraft  as  measured  from  the  ground.  Tests  were  made  over  the  bombing 
range  during  the  week  of  20-24  March  1950  (see  Appendix  711  for  the  test 
program  and  detailed  results).  Successive  passes  with  the  aircraft  in  straight 
and  level  flight  and  in  various  degrees  of  bank  and  climb  were  made.  See 
Figure  11  for  a sample  frame  of  the  recorded  data. 

Two  local  flights  were  also  made  during  this  week,  and  the  behavior  of  the 
altimeter  was  observed  over  various  types  of  terrain.  On  at  least  one  occasion, 
while  the  aircraft  was  over  heavy  clouds,  the  AN/AFN-57  indicator  went  to  its 
maximum  limit,  then  soon  returned  to  normal  operation.  At  the  same  time,  Eadio 
Set  SCS-718-0  and  Radar  Set  AN/APCfc~13  became  unreadable.  It  is  likely  that  the 
combination  of  rough  terrain  and  heavy  clouds  greatly  attenuated  and  dispersed 
both  the  transmitted  and  reflected  signals.  At  all  other  times  the  AU/APlT-57 
operated  normally  in  flight. 

Accuracy  tests  were  continoadthe  week  beginning  27  March,  with  the  aircraft 
at  an  altitude  of  about  16,000  feet.  Passes  over  another  type  of  ground  camera 
known  as  the  Askania  wens  included;  the  Askania  is  somewhat  more  flexible  to  use 
than  the  ballistic  type,  but  the  accuracy  of  measurement  is  not  so  good.  A 

total  of  four  different  AH/AHJ-57  indicator  units  (No.  5,  7,  W.  and  15)  were 
used.  Altitude  readings  were  taken  as  the  aircraft  went  through  various 
banking  angles  up  to  a maximum  of  33°.  The  altimeter  operated  during  even  the 
most  severe  bank,  but  the  dial  reading  increased  some  hundreds  of  feet  for 
small  barking  angles  (below  10°)  and  some  thousands  of  feet  at  the  maximum  angle. 

The  foregoing  tests  were  all  run  with  the  altimeter  calibrated  in  the  usual 
fashion,  without  attempting  to  correct  for  the  "calibration  error,"  which  had 
been  found  to  be  approximately  40  feet  in  the  ground  tests.  The  average  error 
of  83  readings  over  the  desert  near  the  dry  lake,  corrected  for  tilt  (bank  and 
climb)  but  excluding  all  runs  for  which  tilt  angles  were  greater  than  3°,  was 
4l.9  feet,  corresponding  closely  to  the  ground  test  error  of  42.6  feet.  Also 
excluded  were  two  runs  during  which  the  antenna  feed  was  displaced  6°  from  its 
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center  position,  and  the  last  two  runs,  which  were  over  the  dry  lake.  During 
the  last  two  runs  Askania  cameras  were  used,  because  the  flight  jath  was  out 
of  range  of  the  ballistic  cameras;  the  errors  of  Altimeter  AN/APN-57.  Radar  Set 
AN/aRJ-42(XA-2) , and  Eadio  Set  SQB.-718-C  were  all  significantly  changed  in  the 
negative  direction  compared  to  the  readings  of  the  previous  17  runs.  It  is  not 
known  which  of  the  new  conditions  (dry  lake  vs.  desert  and  Askania  vs.  ballistic 
cameras)  was  responsible  for  this  effect.  Possibly  both  factors  were  involved. 
It  is  a fact  that  servo-controlled  pulse  altimeters  such  as  the  AN/AHI-57  and 
AN/apN-42(XA-2)  will  readhigher  (other  factors  being  the  same)  over  rough 
terrain  than  over  smooth  terrain,  because  of  the  multiplicity  of  slant  range 
reflections.  Radio  Set  SCR-71S-C  is  not  a servo-controlled  altimeter,  but  an 
equivalent  effect  may  have  been  present  because  of  broadening  of  the  leading 
edge  of  the  reflected  pulse  as  seen  on  the  indicator  oscilloscope. 

The  average  error  of  S3  readings  uncorrected  for  tilt  was  53*9  feet. 

The  minimum  tilt-corrected  error  (average  of  a single  run)  was  21.2  feet 
and  the  maximum  was  57  feet.  A summary  of  the  run  averages,  with  vector  tilt 
angles  and  tilt  corrections,  is  given  in  Table  I.  Vector  tilt  is  the  vector 
sum  of  the  bank  angle  and  the  climb  angle;  the  tilt  correction  is  found  by 
subtracting  from  the  measured  (slant)  height  S,  the  quantity  S cos  a,  where  a 
is  the  vector  tilt  angle. 


It  seems  to  have  been  shown  that  Altimeter  AN/APN-57,  because  of  its 
narrow  beam,  measures  slant  height  rather  than  vertical  height,  and  that  it  is 
therefore  necessary  to  apply  a tilt  correction.  This  implies  that  the 
attitude  of  the  aircraft  must  be  known,  either  from  bank  and  climb  indicator 
data,  or  from  some  other  type  of  sensing  device.  However,  the  application  of 
the  tilt  correction  becomes  ineffective  for  (vector)  tilt  angles  greater  than 
about  3°*  ifl  possible  that  at  angles  greater  than  3°  the  reflected  signals 
are  too  weak  to  maintain  tight  control  of  the  servo  system. 

2.  Antenna  Pattern  Measurements 

- • Measurements  of  the  radiation  pattern  of  Antenna  Assembly  AS-368/AHJ-57 
••were  made  on  15  and  16  September  1949  with  facilities  of  the  Air  Force 
Cambridge  Research  Laboratories.  One  object  of  these  measurements  was  the 
determination  of  the  effect  of  tilting  the  antenna  feed  off-center.  A complete 
report  including  graphs  is  attached  as  Appendix  VIII. 

F.  Life  Teat 

Two  Altimeter  AN/APN-57  were  selected  on  3 July  1951  for  purposes  of  life 
test.  These  sets  were  made  up  of  the  following  units: 

Set  No.  1 

HT-125/APN-57  Serial  No.  3 
ID-222/ APN-57  Serial  No.  15 

Set  No.  2 

RT-125/ APN-57  Serial  No.  4 
ID-222/ APN-57  Serial  No.  1 

*'  4 
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23500  70  0 307  307  Antenna  feed  inoved  6°  aft 


TABLE  I,  CONT’D. 

Ran  Ho.  nominal  Humber  Vector  Tilt  Average  Average  Remarks 

Altitude,  of  Tilt  Angle,  Correction,  Error,  Error 

feet  Readings  degrees  feet  TJncorrected,  Corrected 

feet  for  Tilt, 
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Test  conditions  were  established  as  continuous  operation  during  the  normal 
working  day  in  a +55 °C  ambient  atmosphere  and  with  power  input  voltages  of 
29  volts  DC  and  115  volts  400  cps  AC. 

Life  testing  was  started  on  13  July  1951*  Nine  serious  failures  occurred 
from  that  time  up  to  21  July  1951*  On  the  latter  date,  set  No.  1 had  run 
4l.6  hours;  set  No.  2 had  run  48.8  hours.  Consideration  of  this  poor  performance 
together  with  the  age  of  the  sets  prompted  their  discard  on  the  basis  that  they 
were  nearly  worn  out  and  life  test  data  obtained  on  them  would  be  of  little  value 
in  evaluating  the  merit  of  the  design. 


Two  new  sets  were  obtained  and  put  on  life  test  on  2 August.  These  sets 
were  made  up  of  the  following  components? 

Set  No.  3 

RT-125/APN-57  Serial  No.  12 
ID-222/ APN-57  Serial  No.  13 

Set  No.  4 

RT-125/APN-57  Serial  No.  11 
ID-222/ APN-57  Serial  No.  l6 

These  sets  were  operated  until  11  October.  During  the  test  period,  23O  running 
hours  were  accumulated  on  set  No.  3 and  219  running  hours  on  set  No.  4.  As 
spare  parts  had  become  difficult  to  get  at  this  time,  the  tests  were  terminated. 

All  failures  are  tabulated  in  Appendix  IX. 

During  these  tests,  the  most  common  failure  occurred  in  the  modulator  unit 
power  supply  transformer,  T-270.  This  transformer  supplies  high  voltage  to  a 
conventional  full-wave  rectifier  which  supplies  35  ma»  at  1250  7. 

An  identical  power  supply  was  built  on  a breadboard  and  it  was  found  that 
none  of  tne  spare  transformers  could  deliver  27  ma  (3/4  load)  without  burning 
out.  Because  of  the  type  contruction  used  in  these  components,  the  internal 
breakdowns  could  not  be  investigated  thoroughly.  The  high  surface  temperatures 
reached  on  these  transformers  at  75$  load  indicated  improper  design.  All 
failures  of  this  component  with  one  exception  showed  a short-circuited  secondary. 
The  one  exception  had  a short  from  secondary  to  primary  to  ground. 

The  other  failures  were  checked  to  ascertain  whether  those  component  parts, 
all  standard,  were  being  operated  within  their  ratings.  With  the  exception  of 
a slight  over-voltage  on  three  tubes,  7-423,  7-702,  and  7-350,  operating 
conditions  were  within  the  ratings.  The  exact  cause  of  failure  of  these  standard 
component  parts  cannot  be  ascertained  on  this  quantity  of  data  and  the  possibility 
of  their  being  overrated  will  be  studied  by  the  Design  Analysis  Section  of  the 
Aircraft  Badiation  Laboratory  in  connection  with  data  being  collected  on  other 
equipments. 
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sect i on  iy  - conclusions 


It  is  concluded  that : 

a.  Altimeter  AH/ APR-57  meets  the  accuracy  requirements  specified 
in  the  exhibit,  provided  a compensating  error  of  -42  feet  is  inserted  during 
calibration,  or  if  42  feet  is  subtracted  from  the  altitude  readings  during 
data  reduction.  It  is  believed  that  this  so-called  error  arises  during  the 
calibration  procedure  and  is  not  inherent  in  the  altitude  measuring  circuitry 
of  the  equipment.  The  equipment  is  calibrated  (set  to  zero)  by  allowing  the 
main  bang  to  actuate  the  ranging  system.  The  high  power  of  the  main  bang  causes 
it  to  ride  past  several  i-f  amplifier  stages,  arriving  at  the  detector  sooner 
than  does  the  considerably  weaker  signal  from  the  ground,  further  work  on  the 
equipment  should  include  an  investigation  of  means  of  reducing  or  eliminating 
this  calibration  error. 

b.  The  need  for  antenna  stabilization  was  demonstrated  by  the 
apparent  increase  in  indicated  altitude  caused  by  banking  the  test  aircraft 

as  little  as  3°*  Furthermore,  tilt  correction  ie  not  effective  for  vector  tilt 
angles  greater  than  3°. 

c.  The  need  for  a precise,  fixed  position  of  the  antenna  feed  was 
demonstrated  during  the  antenna  pattern  measurements,  when  displacing  the  feed 
off-center  by  only  3^  minutes  of  arc  caused  the  antenna  bean-width  to  increase 
"by  35$  (from  1.7°  to  2.3°)  • 

d.  ^he  size  of  the  antenna  (60-inch  diameter)  makes  its  installation 
impracticable  in  any  but  large  aircraft,  and  even  then  it  is  somewhat  difficult. 

Future  development  of  the  equipment  should  include  investigation  of  higher 
carrier  frequencies,  which  would  permit  the  same  or  narrower  antenna  beamvidth 
to  be  obtained  with  a smaller  antenna. 

e.  The  few  deficiencies  revealed  by  the  type  test  and  the  number 
and  type  of  failures  experienced  in  the  life  test  show  that  the  use  of  Trans- 
mitter-Receiver B.T-69/AFS~10  as  a part  of  Altimeter  AU/APiT-57>  while  probably 
justified  from  the  standpoint  of  expediency,  was  not  so  successful  from  the 
standpoint  of  performance  and  reliability  as  a n ew  design  would  have  been. 

f.  The  present  system  of  photographic  recording  of  altitude  in- 
dications with  subsequent  data  reduction  is  not  desirable.  Work  is  now  being 
conducted  on  a chart  recording  attachment  for  Altimeter  All/ APR-57*  Although 
this  attachment  does  not  record  altitude  variations  appearing  on  the  error 
scope,  an  operational  technique  proposed  by  the  Photographic  Reconnaissance 
Laboratory  subsequent  to  the  design  and  delivery  of  Altimeter  A1T/aPIT-57» 
wherein  radio  altitude  readings  are  taken  only  over  flat  and  level  stretches 
of  terrain,  would  permit  the  rapid  variations  of  the  error  scope  indications 

to  be  neglected.  It  is  envisaged  that  the  ultimate  mapping  and  charting  » 

system  would  dispense  even  with  the  chart  recorder,  ft>r  by  the  use  of  digital 
computer  technique*  (for  example)  it  is  conceivable  that  radio  altitudes,  and 
eventually1- altitudes  above  sea  level  (of  the  terrain  below  the  mapping  aircraft) 
could  be  printed  in  numerical  form. 
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APPENDIX  I 

COMEREECE  REPORT  (Excerpt) 

SUBJECT:  Vertical  Control  and  Shoran 

PLACE:  Wright  Field,  Radar  Laboratory 

DATE:  3 January  1946 

1.  A conference  was  held  in  Building  15^»  Wright  Field,  Dayton,  Ohio. 


Those  present  were: 

Col.  Earl  L.  Polifka,  A.C. 

Col. J.  F.  Setchell,  A.C. 

Lt.  Col.  C.A.  Thorpe,  A.C. 

Lt.  Col.  C.I.  Aslakson,  A.C. 

Lt.  Col.  Philip  C.  Doran,  A.C. 

Ha j . F.  J.  Hickman,  A.C. 

Maj . W.  I.  Grieve,  A.C. 

Maj.  I.  W.  Barfott,  A.C. 

Maj.  H.  W.  Collar,  A.C. 

Maj.  Harry  L.  Coggin,  A.C. 

Maj,  Robert  H.  Kingsley,  A.C. 
Maj,  W.  T.  Latham,  A.C. 

Maj.  Elden  Sewell,  C.E. 

1st  Lt.  tf.M.  Adkisson,  S.C. 
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311  Recon.  Wing, 

Buckley  Field,  Colo. 

311  Recon.  Wing, 

Buckley  Field,  Colo. 

AC/AS-3,  Requirements,  Hq.  AAF 

311  Recon.  Wing, 

Buckley  Field,  Colo. 

311  Recon.  Wing, 

Buckley  Field,  Colo. 

AC/AS-4,  R&D,  Hq.  AAF 

Photo  Lab.,  Eng.  Div. , 

Wright  Field 

311  Recon.  Wing, 

Buckley  Field,  Colo. 

Radar  Lab. , Wright  Field 

Aeronautical  Chart  Service, 

36th  AAF  Base  Unit, 

Washington,  D.  C. 

36th  AAF  Base  Unit 

36th  AAF  Base  Unit 

Engineer  Board,  Aerial  Photo  Br. 
Wright  Field 


311  Recon.  Wing 
Buckley  Field,  Colorado 


Capt.  J.  2.  Henry,  A.C. 

Photo  Lab.,  Wright  Field 

Capt.  A.  Zmeskal 

Radar  Lab. , Wright  Field 

1st  Lt.  E.  C.  Evans 

Photo  Lab. , Wright  Field 

Mr.  John  Keto 

Chief  Engineer,  Radar  Lab. 

Mr.  H.  B.  Hogenson 

Project  Admin.  Elec.  Subdiv. 
Wright  Field 

Mr.  Eugene  Warnock 

Radar  Lab. , Wright  Field 

Mr.  J.  W.  McCollister 

Photo  Lab.,  Wright  Field 

Mr.  Jack  Tolies 

Fire  Control  Br.,  Radar  Lab. 

Mr.  D.  Dingwall 

Engineer  Board 

Mr.  S.  A.  Segen 

Fire  Control  Br.,  Radar  Lab. 

Mr.  M.  Skoller 

Fire  Control  Br.,  Radar  Lab. 

Mr.  William  Dean 

Radar  Lab.,  Wright  Field 

Mr.  Keto  stated  that  the  purpose 

of  the  conference  was  to  determine 

the  requirements  of  the  311th  Reconnaissance  Wing  regarding  present  and 
future  needs  for  vertical  control  in  photographic  mapping.  Colonel  Polifka 
stated  that  an  instrument  was  needed  which  would  measure  altitude  accurately 
to  one  foot  per  1000  feet  of  altitude.  His  main  objective  was  to  increase 
the  speed  of  compilations  in  photographic  mapping  and  insure  accurate  maps. 
Present  barometric  altimeters  are  not  sufficiently  accurate.  Radiosonde 
observations  are  being  used  in  present  tests  to  assist  in  obtaining  altitude 
readings  correct  to  plus  or  minus  50  feet.  For  accurate  contour  mapping 
improvements  are  necessary  in  both  radio  and  barometric  altimeters.  A large 
number  of  radiosonde  stations  are  necessary  for  this  accuracy. 

3.  It  v/as  decided  to  state  the  requirements  of  the  311tii  Reconnaissance 
Wing  as: 

A.  Immediate  requirements. 

B.  Future  requirements,  final  type  of  equipment  needed  for 
accurate  mapping. 

4.  These  requirements  are  summarized  below: 

A.  IMMEDIATE  SEqUIREidlTS : 

(l)  Accuracy:  In  order  to  prepare  satisfactory  contour 

maps,  a device  is  needed  to  measure  the  altitude  with  an 
accuracy  of  at  least  plus  or  minus  one  foot  per  1000  feet 


WADC  TR  52-193 


20 


of  altitude.  This  is  a desired  objective.  However,  a 
minimum  accuracy  of  plus  or  minus  2 feet  per  1000  feet  of 
altitude  would  he  acceptable  at  the  present  time.  For 
charting,  an  accuracy  or  plus  or  minus  5 to  8 feet  per 
1000  feet  of  altitude  would  be  satisfactory.  Radar 
Laboratory  personnel  stated  that  the  SCR-718  is  accurate 
to  approximately  plus  or  minus  25  feet  at  any  altitude. 

This  meets  the  contour  mapping  requirements  stated  above 
when  the  aircraft  is  flown  above  25,000  feet.  Because 
of  the  relatively  broad  antenna  pattern  of  the  SCS.-718, 
satisfactory  observations  are  possible  only  over  water 
or  flat  terrain. 

Altitude : In  use,  such  a device  would  operate  from  a 

minimum  altitude  of  10,000  to  a maximum  altitude  of 
35,000  feet.  The  usual  altitude  at  which  this  device 
would  be  used  would  be  16,000  to  20,000  feet. 

Beam  Width:  For  immediate  use,  the  Reconnaissance 

Wing  agreed  to  accept  an  effective  beam  width  of  1.3° 
since  Radar  Laboratory  stated  that  the  present  60-inch 
X-Band  dish  has  a beam  width  of  1.3°  and  it  might  be 
possible  to  make  use  of  this  antenna. 

Stabilization:  It  was  desirable  that  the  altimeter  antenna 

be  stabilized  with  the  vertical  axis  of  the  camera. 

However,  present  cameras  are  not  satisfactorily  stabilized 
and  it  was  felt  that  it  would  be  extremely  difficult  to 
stabilize  the  60-inch  dish.  It  was  decided  that  a fixed 
antenna  would  be  acceptable.  The  antenna  would  be  secured 
to  the  aircraft  so  that  the  beam  would  project  vertically 
to  the  ground  when  the  airplane  is  in  level  flight. 

Schedule:  The  first  two  B-29  control  aircraft  are  to  leave 

in  July  194b.  It  was  not  expected  tnat  vertical  control 
equipment  could  be  installed  in  these  aircraft  by  that  tine, 
although  under  an  emergency  development  flight  test  models 
might  be  available. 

Quantity  Requirements:  The  immediate  requirement  of  the 

311th  Reconnaissance  Wing  is  l6  equipments,  8 installation 
and  8 spares. 

Indicator:  The  desired  type  of  indicator  is  tire  Marker-Pip 

type  with  dials,  giving  a direct  reading  as  in  the  AH/APIT-3. 
However,  the  SCR-718  type  of  indicator  can  be  flown  with 
scope  cameras  and  would  be  acceptable.  RCA  is  now  developing 
the  AP1T-42  direct  reading  altimeter  to  be  flown  in  July  1946. 
It  may  be  possible  to  use  such  an  indicator.  It  nay  also  be 
possible  to  use  the  Shoran  airborne  indicator  working  with 
the  APS-10.  These  possibilities  must  be  investigated. 


B.  PUTTH3  RBEJIHEMENTS 


The  requirements  listed  "below  are  for  equipments  to  "be 
developed  by  a long  range  development  program  and  will  give  the  ultimate 
desired  results  for  photographic  mapping. 

(1)  Accuracy:  Plus  or  minus  one  foot  for  each  2000  feet  altitude 

is  desired  and  plus  or  minus  one  foot  for  each  1000  feet  is 
acceptable. 

(2)  Altitude : Equipment  would  be  used  chiefly  from  a minimum 

altitude  of  10,000  feet  to  a maximum  altitude  of  35*000  feet 
with  the  usual  altitude  being  16,000  to  20,000  feet.  If 
possible,  the  minimum  altitude  should  be  extended  to  permit 
observations  over  high  mountains. 

(3)  Beam  Width:  The  equivalent  beam  width  should  be  as  narrow 

as  possible  consistent  with  associated  equipment,  or  about 
0°  5'  or  less. 

(4)  Stabilization  of  Antenna:  The  antenna  should  be  coupled 

to  the  camera  such  that  the  vertical  axis  of  the  antenna 

is  parallel  to  the  vertical  axis  of  the  camera  at  all  times. 

(5)  Schedule : Puture. 

(6)  Whar.tity  Requirement:  Unknown.  The  Coast  and  Geodetic 

Survey,  Navy  and  Army  charting  and  mapping  services  should 
be  consulted. 

(7)  Indicator:  The  exact  type  of  indicator  that  \rould  best  suit 

the  needs  of  all  concerned  should  be  investigated  by  the 
Radar  Laboratory. 

5.  Mr.  Keto  stated  that  under  normal  present  procedures  several  months 
would  be  required  to  place  a contract  for  the  type  of  equipment  under  discussion, 
provided  Hq.  AAE  granted  the  necessary  authority.  This  time  could  be  shortened 
by  making  this  program  an  emergency  procurement. 

6.  In  order  to  give  the  best  possible  accuracy  of  barometric  altimeter 
readings  during  the  mapping  operations,  it  may  be  advisable  to  install  radiosonde 
stations  at  200  mile  intervals  around  the  area  to  be  photographed.  Daily  radio- 
sonde readings  would  permit  the  making  of  pressure  charts  and  would  correct 

the  barometric  altimeter  readings. 


b/ Aldrich  Zmeatel 

ALDRI CH  ZMESKAL , Captain , A. C 

Radar  Laboratory 
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APPENDIX  II 


Mr.  M.  B.  Landers: 
mgr:TSTEX:  5“6l29 


ABMY  AlP.  PORCES 
HEADQUARTERS 
AIR  I.ATZRIEL  COMMAND 

TECHNICAL  INSTRUCTIONS 


SERIAL  NO.:  TI-2204,  Addendum  No.  1 

SUBJECT:  System  of  Vertical  Control  for  Manning  and  Charting 

TO:  Engineering  Division 


1.  Problem  Presented: 

a.  To  develop  and  t est  a vertical  control  radio  alti- 
meter for  mapping  and  charting,  and  to  procure  sixteen  (l6) 
equipments,  eight  (8)  of  -which  will  be  installed  in  aircraft 
and  the  remaining  (S)  will  be  ’sed  as  spares. 

2.  Pactual  Data: 

a.  Project  established  will  cover  the  development  and 
testing  of  accurate  vertical  control  equipment  which  can  be 
used  for  mapping  and  aeronautical  charting. 

b.  To  assure  a near  future  utilization  of  such  equip- 
ment it  will  be  necessary  to  establish  a two-phase  develop- 
mental program.  The  first  phase  will  consist  of  sq.  interim 
program  requirements  as  established  by  Inclosure  tfl  which  is 
attached  to  the  action  copy  of  this  TI.  The  second  phase  will 
be  a long  range  program  consisting  of  final  type  equipment  for 
accurate  mapping  and  charting  requirements  as  established  by 
Inclosure  #2  also  attached  to  action  copy  of  this  TI. 

3.  Authority: 

a.  CG>  A A3T  by  2nd  indorsement  dated  29  March  1946  from 
AEDBE-2F/1  to  1st  indorsement  . dated  IS  Januar.  1946  from 
TSELR2A  and  basic  letter  dated  19  November  1945,  subject: 
"System  of  Vertical  Control  for  Mapping  and  Charting." 
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4.  Action  Desired: 


a.  Engineering  Division  will: 

(1)  Establish,  a development  program  to  accomplish  that 
which  is  stated  in  "Problem  Presented",  as  further 
implemented  by  "Factual  Data", 

(2)  Procure  sixteen  (lb)  sets  of  equipment. 

b.  A priority  of  1-A  is  assigned  to  this  project  for  all 
phases  of  this  program. 

BY  COMMAND  OF  LT.  GENERAL  TWINING-:: 


/ s/  M.  B.  Lammers 

E.  K.  TAYLOR 
Brigadier  General,  USA 
Chief  of  Administration 

cc:  Maintenance  Division 

Supply  Division 
Procurement  Division 
Flight  Test  Division 


2b 


WAJJC  TR  52-193 


IMMEDIATE  INTERIM  EQUIPMENT 


1.  Accuracy  - In  crder  to  prepare  satisfactory  contour  maps,  a device 
is  needed  to  measure  the  altitude  with  an  accuracy  of  at  least  pins  or  minos 
one  foot  per  1000  feet  of  altitude.  This  is  a desired  objective.  However,  a 
minimum  accuracy  of  plus  or  minus  2 feet  per  1000  feet  of  altitude  would  be 
acceptable  at  the  present  time.  For  charting,  an  accuracy  of  plus  or  minus 

5 to  8 feet  per  1000  feet  of  altitude  would  be  satisfactory. 

2.  Altitude  - In  use,  the  equipment  will  operate  from  a minimum  altitude 
of  10,000  feet  to  a maximum  altitude  of  3®, 000  feet.  The  usual  altitude  at 
which  this  equipment  will  be  used  will  be  approximately  16,000  to  20,000  feet. 

3.  Beam  Width  - For  immediate  use,  acceptable  effective  beam  width  of 
1.3°.  It  is  possible  that  the  60  inch  X-band  antenna  which  has  a beam  width 
of  1.3°  may  be  utilised  with  this  equipment. 

4.  Stabilization  - It  was  desirable  that  the  altimeter  antenna  be 
stabilized  with  the  vertical  axis  of  the  camera.  However,  present  cameras 
are  not  satisfactorily  stabilized  and  it  was  felt  that  it  would  be  extremely 
difficult  to  stabilize  the  60  inch  dish.  Present  cameras  are  not  satisfac- 
torily stabilized;  therefore,  it  may  be  extremely  difficult  to  stabilize  the 
60  inch  antennae.  A fixed  antenna  will  be  acceptable.  The  antenna  to  be 
secured  to  the  aircraft  so  that  the  beam  will  project  vertically  to  the  ground 
when  the  airplane  is  in  level  flight. 

5.  Schedule  - The  first  two  B -29  control  aircraft  are  to  leave  in 

July  1946.  It  is  not  expected  that  vertical  control  equipment  will  be  installed 
in  these  aircraft  by  that  time,  although  under  an  emergency  development  flight 
test  models  might  be  available. 

6.  Quantity  Requirement 8 - The  immediate  requirement  is  for  sixteen 
(l6)  equipments,  eight  (8)  for  installation  and  eight  (8)  spares. 

7.  Indicator  - The  desired  type  of  indicator  is  the  Marker-Pip  type 
with  dials,  giving  a direct  reading  as  in  the  AN/AFN-3.  However,  the  SCR- 718 
type  of  indicator  can  be  flown  with  scope  cameras  and  would  be  acceptable. 

RCA  is  now  developing  the  APN-42  direct  reading  altimeter  to  be  flown  in 
July  1946.  It  may  be  possible  to  use  such  an  indicator.  It  may  aiso  be 
possible  to  use  the  Shoran  airborne  indicator  working  with  the  AN/APS-10. 


Inclosure  #1  (to  TI-2204,  Add.  No.  l] 
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FINAL  EQUIPMENT 


TJie  requirements  listed  below  are  for  equipments  to  be  developed  by  a long 
range  development  program  and  will  give  the  ultimate  desired  results  for  photo- 
graphic mapping. 

1.  Accuracy  - Plus  or  minus  one  foot  for  each  2000  feet  altitude  is 
desired  and  plus  or  minus  one  foot  for  each  1000  feet  is  acceptable. 

2.  Altitude  - Equipment  to  be  used  primarily  from  a minimum  altitude  of 

10.000  feet  to  a maximum  altitude  of  35*000  feet  with  the  usual  altitude  being 

16.000  to  20,000  feet.  If  possible,  the  minimum  altitude  should  be  extended 
to  permit  observations  over  high  mountains. 

♦ 

3.  Beam  Width  - The  equivalent  beam  width  should  be  as  narrow  as  possible 
consistent  with  associated  equipment,  or  about  0°  51  or  less. 

4.  Stabilization  of  Antenna  - The  antenna  should  be  coupled  to  the 
camera  such  that  the  vertical  axis  of  the  antenna  is  parallel  to  the  vertical 
axis  of  the  camera  at  all  times. 

5.  Schedule  - Future. 

6.  Quantity  Requirement  - Unknown 

7.  Indicator  - The  exact  type  of  indicator  that  would  best  suit  the 
needs  of  all  concerned  should  be  investigated. 


Inclosure  #2  (to  TI-22014.,  Add.  No.  3 
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APPEHDIX  III 

Exhibit  "A«  to  C01TTRACT  W 33-032  ac-15029  2 May  1946 

DESCRIPTIVE  REQJJ I EEMEUT S 
FOR 

VERTICAL  COITTROL  ALTIMETER  EJJIPMZ1TT 
A.  APPLICABLE  SPECIFICATIONS 

A-l.  The  following  specifications  and  drawings  of  the  issue  in  effect 
on  the  date  of  the  request  for  proposal  fora  a part  of  this  exhibit: 


AAF  Tentative 
Spe cif ication 

71-254 

Aircraft  Electronic  Equipment, 
General  Specification  for 

Joint  Army-Kavy 

JAH-I-225 

Interference  Measurement,  Radio, 
Methods  of,  150  Kilocycles  to  20 
Megacycles  (for  Components  and 
Complete  Assemblies) 

JAN-C-172 

Cases  and  Mounting  Bases,  Radio, 
Aircraft. 

B.  TYPES 


B-l.  The  equipment  covered  by  this  exhibit  consists  of  the  following 
listed  component  parts  of  Vertical  Control  Altimeter  Equipment,  each  part  to  be 
complete  except  as  indicated.  Only  those  parts  specifically  listed  in  the 
contract,  and  in  the  quantities  therein  stated,  will  be  furnished  by  the  con- 
tractor. 


Part  Do. 

1 

2 

3 

4 

5 


ITame  and  Description 
Transmitter-  Receiver 
Mounting  Base  for  Transmitter-Receiver 
Indicator 

Mounting  Base  for  Indicator 
Antenna  Assembly 
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B-2.  The  correct  nomenclature  for  Vertical  Control  Altimeter  Equipment 
and  each  of  its  major  components  will  he  supplied  to  the  contractor  "by  the 
Government  as  soon  as  available.  The  furnished  nomenclature  must  he  used  on 
the  respective  identifying  labels,  in  instruction  hooks,  correspondence  and 
at  all  other  times  when  making  reference  to  the  equipment. 

C.  MATERIAL  AND  WOEXKAHSHIP 

C-l.  This  equipment  shall  comply  with  the  requirements  of  Section  C of 
AAP  Specification  No.  (see  paragraph  A-la.),  with  the  following 

exceptions: 

C-la.  Delete  references  to  “Signal  Corps  Drawing  Do.  SC-D-10321"  in. 
Paragraphs  0-8  and  C-30,  AAF  Specification  No.  and  substitute  "JA1T-C-172". 

D.  GENERAL  REQUIREMENTS 


D-l.  This  equipment  shall  comply  withthe  requirements  of  Section  D of 
AAff  Specification  No.  71“S54  (see  Paragraph  A-la.),  with  the  following 
exceptions: 

D-la.  Delete  Paragraph  D-ld  in  its  entirety. 

D-lb.  Delete  Paragraph  D-lg(l)  (a)  and  substitute  the  following: 

"Conducted  Noise.  The  conducted  radio-frequency  voltage  produced  by 
the  operation  of  this  equipment  on  wiring  leading  from  this  equipment  to  other 
equipments  in  the  aircraft  and  between  this  wiring  and  ground  shall  not  exceed 
50  microvolts  over  a frequency  range  of  0.150  to  20  megacycles.  The  test 
methods  used  to  determine  the  extent  of  radio  interference  shall  be  as  described 
in  JAN- Specification  JAN- 1-225  (see  paragraph  A-la,  above).  The  contractor 
shall  perform  the  interference  tests  and  submit  the  results  to  the  Contracting 
Officer. " 

D-lc.  Change  Paragraph  D-2c  to  read:  "Test  period  shall  be  thirty  days, 

with  the  equipment  in  operation  two  hours  out  of  each  24. " 

D-ld.  Add  a new  paragraph  D~7  as  follows: 

"D-7.  Vulnerability  to  interference.  The  equipment  shall  be  in- 
vulnerable to  interference  of  the  types  likely  to  be  encountered  while  installed 
and  in  use  in  military  aircraft,  to  as  high  a degree  as  practicable." 

D-le.  Delete  Paragraph  D-2a(3),  substitute,  "Altitude.  - Operation  at 
barometric  pressures  corresponding  to  a range  of  from  10,000  to  35*000  feet 
altitude  above  sea-level  (sea-level  barometer  at  3®  inches  of  mercury). 
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D-2.  The  Government  will  furnish,  the  contractor  with  all  Transmitter- 
Receiver  RT-69/APS-IO  units  for  modification,  and  incorporation  into  each 
Vertical  Control  Altimeter  Equipment  procured.  Other  components  mentioned 
in  this  exhibit  will  he  available  to  the  contractor  as  stipulated  in  the 
contract. 

E.  DETAIL  REQUIREMENTS. 

E-l.  General.  - This  exhibit  covers  a type  of  high-altitude  radio 
altimeter  designed  to  provide  highly  accurate  readings  of  distance  above  terrain 
by  using  a narrow  antenna  bean-width  and  other  necessary  refinements.  It  is 
intended  to  replace  Radio  Set  SCR-71S-C  in  a mapping  and  charting  system. 
Modulator,  transmitter,  and  receiver  circuits  will  be  those  of  Radio  Set 
AN/APS-10,  modified;  timing  and  indicating  circuits  will  be  those  of  Radio  Set 
AIl/ARI-3  (Shoran) , suitably  modified. 

E-2.  Range.  The  range  of  altitudes  through  which  this  equipment  will 
perform  shall  be  from  10,000  to  35»000  feet. 

E~3.  Accuracy.  The  error  in  indications  shall  not  exceed  ±0.2  percent. 
Desired  figure  is  ±0.05  percent. 

E-4.  Indication.  Presentation  shall  be  similar  to  that  of  Indicator 
ID-17/APN-3,  utilizing  pip-matching  and  dial  or  counter  reading 

E-5.  Transmitter-Receiver.  The  Transmitter-Receiver  shall  be  Transmitter- 
Receiver  RI-69/APS-10,  suitably  modified  by  increasing  the  prf , reducing  the 
pulse  width,  and  increasing  the  i-f  band-width.  These  modifications  shall  be 
made  in  keeping  with  the  shorter  range  and  greater  accuracy  required.  This  unit 
will  be  furnished  the  contractor  by  the  Government. 

E~6.  Indicator.  The  Indicator  may  be  similar  to  Indicator  I-152-C 
(part  of  Radio  Set  SCR-718-C),  but  incorporating  necessary  features  of  Indicator 
ID-I7/APN-3  (See  paragraph  E-4).  Size  shall  not  exceed  l.S  cubic  feet  and  weight 
shall  not  exceed  60  pounds.  All  operating  controls  shall  be  on  the  front  panel 
of  the  indicator  unit. 

E-7.  Antenna.  The  antenna  shall  include  a parabolic  reflector  not  more 
than  sixty  inches  in  diameter,  such  that  the  beam-width  at  half  power  does 
not  exceed  1.55  plus  or  minus  0.1°  with  the  beam  centered.  The  radiated  field 
strength  of  any  o'f  the  minor  lobes  shall  be  at  least  20  db  below  that  of  the 
major  (central)  lobe.  Mounting  facilities  shall  be  as  nearly  identical  to  those 
of  Antenna  Assembly  AS-291/APQ  as  practicable.  The  antenna  assembly  need  not 
be  stabilized. 

E-8.  Performance.  Performance  shall  comply  with  requirements  of  this 
Exhibit  at  all  altitudes  between  10,000  and  35»000  feet,'  over  all  types  of 
terrain,  including  ice,  snow,  mountains,  and  desert. 
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F.  METHODS  OF  INSPECTION  A HD  TEST 

F-l.  The  requirements  of  Section  F of  Specification  Ho.  71-854  are 
applicable  with,  the  exception  of  Paragraph  F-2a,  which  is  deleted. 

0.  PACKAGING-,  PACKING,  AND  MASKING 

G-l.  See  the  contract  for  applicable  requirements. 

H.  NOTES 

H-l.  Copies  of  the  specifications  referenced  in  paragraph  A-l  may  be 
obtained  from  Commanding  General,  Air  Materiel  Command,  Wright  Field,  Dayton, 
Ohio. 


Notice.  When  government  drawings,  specifications,  or  other  data 
are  used  for  any  purpose  other  than  in  connection  with  a definitely  related 
government  procurement  operation,  the  United  States  Government  thereby 
incurs  no  responsibility  nor  any  obligation  whatsoever;  and  the  fact  that  the 
Government  may  have  formulated,  furnished,  or  in  any  way  supplied  the  said 
drawings,  specifications,  or  other  data  is  not  to  be  regarded  by  implication 
or  otherwise  as  in  any  manner  licensing  the  holder  or  any  other  person  or 
corporation  or  conveying  any  rights  or  permission  to  manufacture,  use  or  sell 
any  patented  invention  that  may  in  any  way  be  related  thereto. 
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APPENDIX  IV 

type  test  op  altimeter  an/ahi-57 

By  RCA  Victor  Division.  Camden,  New  Jersey 

Spot  TeooeraJbnrgj-  Unit  tfl  Specification  71-£>5^~a,  paragraph  D-lm 
Conditions  of  Test* 

1.  Ike  points  at  which  tenperatureswere  measured  were 
selected  as  the  hot  spots  (in  terns  of  component  ratings) 
as  determined  "by  tests  on  an  earlier  model. 

2.  Ambient  room  temperature  26°C.  Equipment  operated  on  open 
bench. 

3.  Temperatures  measurelby  thermocouples  inside  dust  cover, 
and  thermometers  outside  dust  cover.  Temperature  rise  in 
transformer  windings  was  determined  by  calculation  from 
change  of  resistance  in  the  windings. 

4.  Duration  of  test  two  hours,  approximately,  sufficient  to 
reach  temperature  stabilization. 

5.  Line  voltage  measured  at  120V  (High  limit)  400  cycles. 

6.  For  first  hour  servo  was  balanced  on  an  echo  signal.  For 
second  hour  servo  was  mechanically  tied  off  balance  so 
that  maximum  input  power  to  the  servo  motor  was  obtained. 


Measured  rise 
above  outside 
ambient 
temperature 

Maximum  outside 
ambient  Spec. 
71-S54-a 
D-2a,  (l) (a) 

Expected 
Maximum 
temperature 
of  part 

Maximum 

rated 

temperature 
of  part 

Top  of  Case  of  Power 
transformer 

39.7 

55 

9M 

Filter  capacitor 
near  regulator 

28 

55 

83 

85 

Servo  transformer  Case 

24.9 

55 

79.9 

Capacitor  on  Video 
Amplifier 

17.S 

55 

72.8 

85 

Multiplier  Coil 
Deflection  Chassis 

17 

55 

72 

85 

Side  of  case  of 
heater  transformer 

20.2 

55 

75.2 
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• !i 

Measured  rise 
above  outside 
ambient 
temperature 

Maximum  outside 
ambient  Spec. 
71-S54-a 
D-2a,  (l) (a) 

Expected 
Maximum 
temperat  tire 
of  part 

Maximum 

rated 

temperature 
of  part 

* Heater  transformer 
primary  winding 

33.5 

55 

SS.5 

105 

* Servo  transformer 
secondary  winding 

35.5 

55 

90.5 

105 

Equipment  Oper 

ating  (Temperature 

Test)  Unit  #1 

Specification  Jl-354-a  paragraph  E-2a(l) 


Purpose i 

To  determine  the  effect  of  temperature  on  equipment  operation,  the 
following  were  measured  over  the  temperature  range  ~55°C  to  +71°Qi 

1.  The  temperature  characteristic  of  goniometer  linearity. 

2.  The  transmitter  power  output. 

3-  The  receiver  sensitivity. 

h.  The  crystal  oscillator  frequency. 

5.  The  - trucking  of  the  3 20  gate  pulse  and  the  100  KC  trigger 
pulse  at  the  miner. 

P.e  suits  :- 

1.  The  equipment  performed  continuously  throughout  the  tests. 

2.  The  servo  mechanism  goniometer-compensator  combination  makes  one 
complete  revolution  for  each  5000  feet  of  altitude  so  the  data  was 
taken  only  over  that  range  and  the  information  gained  applies  at  each 
multiple  of  5000  feet. 

3.  If  the  goniometer  compensator  were  ideally  adjusted,  the  characteristics 
curves  shown  on  page  32  which  were  taken  at  room  temperature  +29°0 
would  he  straight  horizontal  lines.  Also  if  the  goniometer  itself  were 
ideal,  the  characteristic  plotted  at  different  temperature,  such  as 
+55°0,  would  also  he  a straight  horizontal  line.  Then  in  equipment 
operation  at  another  temperature  any  shift  in  the  position  of  this 
characteristic  straight  horizontal  line  with  respect  to  the  one  at  room 

•measured  hy  change  in  resistance 
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temperature  could  "be  corrected  for  by  putting  the  "Qperate-Calibrate" 
switch  in.  the  "Calibrate0  position  and  adjusting  the  "zero  pulse" 
knob.  After  calibration  the  equipment  would  give  correct  indication 
of  altitude. 

When  these  characteristics  for  room  temperature  were  plotted,  the  com- 
pensator was  not  ideally  adjusted,  hence  they  are  not  straight  hori- 
zontal lines,  however,  since  the  change  of  temperature  is  \;hat  we 
wanted  to  know  from  this  test,  the  initial  compensator  adjustment  did 
not  matter.  The  difference  between  the  curves  for  different  tempera- 
tures which  actually  shows  the  change  of  goniometer  characteristic  for 
temperature  change  gives  us  the  limits  or  spread  in  error  of  altitude 
indication  resulting  from  temperature  change. 

Ideally  in  equipment  operation  the  goniometer-compensator  would  be 
adjusted  so  that  the  characteristic  at  room  temperature  would  be  a 
straight  horizontal  (linearity  of  Unit  #1  was  adjusted  to  a spread 
of  2 feet  prior  to  shipment)  line,  then  at  operatior  at  some  other 
temperature,  the  characteristic  to  be  expected  vrould  be  the  super- 
position of  the  temperature  characteristic  on  the  straight  line.  A 
shift  in  the  average  position  of  the  straight  line  can  be  corrected 
for  by  adjustment  of  the  "zero  pulse"  knob  during  equipment  calibration. 
Since  the  overall  characteristic  at  this  other  temperature  is  not 
flat  the  limit  of  inaccuracy  is  now  plus  or  ninus  the  spread  of 
the  temperature  characteristic. 

If  there  were  no  error  of  altitude  indication  introduced  as  a result 
of  temperature  change,  the  temperature  characteristics  shown  on  pages 
pages  32  and  I4.O  would  have  been  straight  horizontal  lines  and  the 
spread  zero  feet  and  the  inaccuracy  would  be  ± zero  feet. 

The  spread  of  the  temperature  characteristic  shown  on  the  graph  on 
page  32  is  5 feet  resulting  from  temperature  change  from 

29°c  to  +55°c. 

The  spread  of  the  temperature  characteristic  shown  on  the  graph 
page  1+0  is  6 feet  resulting  from  temperature  change  from 

+30°C  to  -53°c. 

As  a figure  of  accuracy  of  these  measurements  it  was  found  that  under 
the  test  conditions  in  reading  linearity  curves,  the  curves  could  be 
duplicated  to  within  2 feet  or  less. 

4.  The  transmitted  power  unit  was  measured  and  found  to  be  constant 
within  0.3  db  (better  than  the  measurement  accuracy)  over  the  temperature  range 
of  -530c  to  +55°c. 
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5.  Receiver  sensitivity  was  very  little  affected  "by  temperature  changes. 

6.  ITotice  that  receiver  sensitivity  measurements  are  all  made  at  the 
same  10,000  feet  altitude  position.  (Phis  is  done  because  the  shape  of  the 
cyclic  pulse  is  such  that  below  about  7°00  feet  of  altitude  the  trailing  edge 
of  the  cyclic  pulse  will  cause  readings  of  A.  G. C.  voltage  which  will  vary 
depending  upon  the  altitude  at  which  the  measurements  are  made. 

7.  The  A.G.C.  voltage  developed  is  also  dependent  upon  the  value  of  the 
A.G. C.  Delay  Voltage  at  diode  V422.  This  delay  voltage  varies  according  to  the 
tolerance  of  the  value  of  the  resistors  B.527  an(i  2-52S  and  is  nominally  at  +75 
to  +20  volts. 

8.  Measurements  made  on  the  frequency  of  the  JS  KC  crystal  oscillator 
circuit  during  the  temperature  tests  showed  a change  of  frequency  of  -3  cps 
when  the  temperature  changed  from  30°C  ambient  to  +55°C  ambient  and  a change  of 
+4  cps  when  the  temperature  changed  from  30°C  to  -46°C. 
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SUBJECT 


TYPE  TEST  HUB  AT  +29  °C 
Unit  Serial  Bo.  1 


GOBIG. 

i-ETER  LIUEAEITY 

RECEIVER  SENSITIVITY 

ALTITUDE 

DEVlATIOB  IB  FFIPT 

At  10,000  jfe-et  altitude 
ATTENUATOR  A.&.C 

BEET 

HEAT)  IBP- 
DB 

VOLTAGES 

Volts 

15,000 

0 

0 

-5.1 

750 

-1 

5 

-4.8 

500 

-3 

10 

-4.35 

250 

0 

15 

-3.-65 

i4, 000 

0 

20 

-2.5 

750 

-2 

25 

-0.55 

500 

-2 

30 

0 

250 

-2 

31  Servo  loses  Control 

13,000 

-1 

750 

-1 

500 

-1 

250 

12,000 

-1 

-2 

A.  Gr,  C.  VOLTAGE) 

ob  :aib  baiig) 

•5.3  VOLTS 

750 

-4 

MASEETRON 

500 

-3 

PQiCER  OUTPUT 

DB 

250 

-3 

MAGBETROB 

11,000 

FREQUENCY 

MC 

750 

- 

SERVO  50  PT 

500 

-3 

OPT  TRACE  INC  AT 

DB 

-2 

0 


Date  April  12.  194g 
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TYPE  TEST  2DN  AT  +55  °C 
Unit  Serial  Ho.  1 

GONIOMETER  LINEARITY  RECEIVER  SENSITIVITY 

At  10,000  feet  altitade 


ALTITUDE 

DEVIATION  IN  FEET 

ATTENUATOR 

A.  G. C. 

READING 

VOLTA® 

FEET 

DB 

Volts 

15,000 

-1 

0 

“5.3 

750 

-3 

5 

-4.9 

500 

-5 

10 

-4.5 

250 

-4 

15 

-3.S 

i4,ooo 

-3 

20 

-2.75 

750 

-5 

25 

-0.9 

500 

-4 

30 

0 

250 

-4 

•34  Servo 

Loses  Control 

13,000 

-2 

750 

0 

500 

-1 

250 

0 

A.G.C.  VOLTAGE) 
Oil  i-IAIlI  BANG  ) 

-5.3  VOLTS 

12,000 

-4 

750 

-5 

MAGNETRON 
POWER  OUTPUT 

DB 

500 

-4 

250 

-4 

MAGNETRON 

frequency 

MC 

11,000 

-4 

750 

-3 

SERVO  50  FT 
OFF  TRACKING  AT 

DB 

500 

-3 

250 

-2 

10,000 

0 

Date  April  12, 

194S 

IrfADC  TR  52-193 


37 


TYPE  TEST  K01I  AT  +30°C  EOS  TEMPERATURE  CHARACTERISTIC 

Unit  Serial  No.  1 


GONIOMETER 

LINEARITY 

RECEIVER  SENSITIVITY 

At  10,000 

feet  altitude 

ALTITUDE 

DEVIATION 

IN  FEET 

ATTEHUaTOR 

A. G.C. 

READING 

VOLTAGE 

FEET 

DB 

Volts 

(lO  V scale) 

15,000 

-2 

+2 

0 

-5.4 

750 

-3 

-1 

5 

-5.1 

500 

-3 

-1 

10 

-M 

250 

0 

+2 

15 

-4.1 

(3V  scale) 

14,000 

+1 

+5 

20 

“3.1,  “2.9 

750 

-2 

+2 

25 

-1.4 

500 

+1 

+3 

30 

0 

250 

-2 

+2 

34  Servo  loses 

control 

13,000 

0 

+2 

750 

-2 

+2 

500 

-1 

0 

A.G.C  VOLTAGE)  k VOLTS 

ON  MAIN  BANG  ) 

250 

-2 

+1 

12, 000 

-5 

0 

MAGNETRON  12 

POWER  OUTPUT  6 

DB 

750 

“3 

-1 

20 

3? 

500 

-4 

+2 

250 

-3 

+1 

MAGNETRON  9347 

MO 

FREQUENCY 

11,000 

-2 

0 

750 

-3 

0 

SERVO  50  FT 

ONE  TRACKING  AT 

DB 

500 

-3 

-1 

250 

-2 

-1 

10,000 

0 

0 

Date  April  13,  194S 
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TYFE  TEST  SUIT  AT  -52°C  FOE  TEUEBRAOTHE  CHAACTEl.ISTIC 
Unit  Serial  Ho.  1 


GONIOMETER  LINEARITY  RECEIVER  SSi.'SITIYITY 


At  10,000  feet  Altitude 


ALTITUDE 

DEVIATION 

III  FEET 

ATTENUATOR 

A.D.C 

READIED 

VOLTADE 

FEET 

DB 

Volts 
(10  V seal 

15,000 

+3 

+1 

0 

-5.5 

750 

+1 

0 

5 

0 

• 

If'v 

1 

500 

+2 

-2 

10 

-4.45 

250 

+4 

+3 

15 

-3.^5 

(3  V scale 

14,000 

+5 

+3 

20 

-l.S,  -1. 

750 

+2 

0 

24 

0 

500 

+4 

+2 

29  Servo  loses  control 

250 

+2 

+1 

13,000 

+2 

+1 

750 

+2 

-1 

500 

+2 

-2 

250 

0 

-2 

A.D.C.  VOLTAGE) 
OK  MAID  BAND  ) 

•6.0  VOLTS 

12,000 

0 

-4 

750 

-1 

-3 

MAGNETRON  11.7 

POWER  OUTPUT  6.0 

DB 

500 

0 

-3 

20.0 

37.7 

250 

+1 

0 

11,000 

+1 

-l 

MAtoraou  9364 

FREQUENCY 

MO 

750 

-1 

-l 

500 

-4 

-1 

SERVO  50  FT 
OFF  TRACK  HID  AT 

DB 

250 

-1 

-1 

10,000 

0 

0 

Date  April  l4,  194S 

WADC  TR  52-193 


39 


TJITIT  yl 


Measurements  made  on  the  miner  pulse  at  j4lg  to  determine  how  veil 
the  100  KO  pulses  tracked  in  the  3 KO  gate  pulse,  shov  that  as  the  servo 
rotates  at  a fixed  temperature  the  shift  of  the  100  lee  trigger  pulses  with 
respect  to  the  gate  pulse  is  less  than  one  microsecond.  When  the  temperature 
vas  changed  from  30°0  ambient  to  ~53°C  ambient  the  trigger  pulse  however, 
moved  3 microseconds  toward  the  leading  edge  of  the  gate  pulse  although  it 
stayed  close  to  this  position  as  the  servo  rotated.  This  shift  was  still  within 
safe  limits  hut  emphasizes  the  importance  of  having  the  correct  alignment  ad- 
justment of  the  trigger  ^ulse  centered  in  the  gate  when  the  equipment  is  operated 
at  room  temperature  3(-)02. 

•Equipment  Operating  (Humidity  test)  Unit  if  1 - Specification  ITo.  71~854-a 

maramra  li  D- 2a  Chi 


Conditions! 

1.  Equipment  in  test  chamber  operated  while  ambient  temperature 
varied  from  -55°£  to  +50°C  with  lOOja  humidity. 

2.  Although  condensation  took  place  in  and  on  the  equipment  in  the 
form  of  both  water  and  frost,  the  equipment  operated  continuous- 
ly. 

3.  Detailed  data  was  not  taken  on  this  test. 

Results! 

1.  The  equipment  operated  properly  all  during  the  tests. 

Equipment  Operating  (Altitude  Test)  Specified  maximum  altitude  operation 

33,000'Tee't: 


Conditions  of  Test: 

1.  Equipment  in  altitude  test  chamber  and  operating  with  ambient 
temperature  3^°C. 

2.  Chamber  evacuated  until  pressure  reached  equivalent  of  40,000 
feet  of  altitude  and  remained  so  far  a period  of  15  minutes. 

Results  of  Test: 

1.  Equipment  operated  continuously  and  no  change  in  performance 
vas  observed. 
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Equipment  Non-Operating  (Temperature  test)  Spec.  71-854-a,  paragraph  D-2b(l) . 


Conditions: 


1.  Equipment  set  up  in  chamber  and  temperature  cycled  from  30°C 
to  -*53°C  to  +30°C  and  then  turned  on  and  operated. 

2.  Equipment  cycled  from  J0°C  to  +85°C  and  back  to  +30°C  and  then 
turned  on  and  operated. 

Results: 


1.  The  equipment  operated  satisfactorily  after  subjection  to  these 
temperatures  and  upon  further  examination  no  defects  were  found. 

Equipment  Non-Operating  (Humidity  test)  Spec.  71-85^-a,  paragraph  D-2h(2) 


Conditions: 

1.  Equipment  set  up  in  chamber  and  operated  at  room  temperature 
(30°C)  and  data  taken  on  goniometer  linearity,  receiver 
sensitivity,  etc. 

2.  Equipment  was  then  shut  off  and  remained  off  for  a period  of 
48  hours  during  which  time  the  temperature  of  the  chamber 

was  maintained  at  50°C  and  the  humidity  was  maintained  at  95$» 

3.  The  equipment  was  then  turned  on  again  and  more  data  taken  of 
goniometer  linearity  and  receiver  sensitivity. 

4.  While  the  equipment  continued  to  operate  another  set  of  data 
was  taken  one  hour  later. 

5.  The  equipment  was  then  shut  off  and  remained  off  while  at  room 
conditions  of  temperature  30°C  for  a period  of  24  hours. 

6.  The  equipment  was  then  turned  on  again  at  the  end  of  the  24  hour 
period  and  another  set  of  data  was  taken. 

Results: 

1.  The  results  of  these  tests  as  plotted  on  the  graphs  on  pages 
45  and  J+9  show  that  when  the  equipment  is  used  immediately 
after  storage  at  high  humidity,  the  spread  of  goniometer  tempera- 
ture characteristic  is  as  much  as  26  feet. 

2.  The  goniometer  characteristic  measured  after  24  hours  non- 
operation had  returned  to  the  same  as  the  characteristic  measured 
preceding  the  test. 
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3.  Tiie  characteristic  measured  after  one  hoar  of  operation  follow- 
ing the  storage  at  95$  humidity  and  +50°C  for  48  hours  as  com- 
pared to  the  characteristic  measured  24  hours  later  (when  after 
non-operation  at  room  temperature  and  humidity,  the  characteristic 
returned  to  the  same  as  that  measured  preceding  the  test)  shows 
that  the  spread  remaining  ftfter  the  one  hour  was  15  feet  due  to 
the  remaining  humidity. 

4.  Other  than  this  change  in  the  characteristic,  the  equipment 
operated  satisfactorily  within  15  minutes  af ter  being  turned  on. 
Previous  to  this  15  minutes  the  trace  on  the  oscilloscope  was 
in  had  focus  and  therefore  difficult  to  read  hut  this  was  the 
only  fault. 

Equipment  Hon-Operating  (Altitude  test)  Spec.  71-%54-a  Paragraph  ]>-2b(3) 

Conditions: 

1.  Equipment  set  up  in  altitude  chamber  and  with  temperature  +30°C, 
barometric  altitude  was  increased  to  40,000  feet,  maintained 
at  40,000  feet  for  a period  of  10  minute^  then  returned  to  zero 
feet  of  altitude. 

Results: 

1.  The  equipment  operated  satisfactorily  after  the  test  and  upon 
examination  no  defects  were  observed. 
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AN/APN-57,  Serial  No.l 


Goniometer  Linearity  at  Room  Conditions  Showing  Characteristic  Before  and 
After  Leaving  Unit  in  Chamber  for  4-8  Hours  at  50°C  and  95 % Humidity 


v5 


HUMIDITY  TEST 

INITIAL  CHARACTERISTIC  AT  ROOM  TEMP.  (25°C)  & HUMIDITY 
Unit  Serial  Ho.  1 

GONIOMETER  LINEARITY  RECEIVES  SENSITIVITY 


ALTITUDE 

DEVIATION  IN  FEET 

attenuator 

A,  G.  C . 

READING 

VOLTAGE 

FEET 

DB 

Volts 

15,000 

0 

0 

-4.2 

750 

+5 

5 

-3.85 

500 

0 

10 

-3.3 

250 

+1 

15 

• 

aj 

1 

i4,ooo 

+1 

20 

-0.95 

750 

44 

25 

-0.05 

500 

+2 

30 

-0.05 

250 

+7 

35 

-0.05 

13,000 

+2 

39  Servo  loses  control 

750 

4-6 

500 

+9 

A.G.C.  VOLTA®} 

-6.^  VOLTS 

ON  MAIN  BANG  j 

250 

+5 

12,000 

4-2 

750 

+2 

MAGNETRON  * 

9 

POWER  OUTPUT 

S 

DB 

500 

-3 

# 

« 

•«  » 

36.5*  . 

250 

-1 

MAGNETRON 

9352 

MC 

11,000 

-1 

FREQUENCY 

750 

0 

SERVO  50  FT 

OFF  TRACKING  AT 

DB 

500 

0 

250 

4-6 

10,000 

0 

Date  May  IS,  194S 

IS 
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HUMIDITY  TEST 

CHAEACTERI STIC  AFTER  42  HOURS  IN  CHAMBER  AT  50 °C  and  95$  HUMIDITY 

Unit  Serial  No • 1 


GONIOMETER  LINEARITY  RECEIVER  SENSITIVITY 


ALTITUDE 

DEVIATION  IN  FEET 

ATTENUATOR 

A.G.C. 

READING 

VOLTAGE 

FEET 

DB 

Volts 

15,000 

0 

0 

“5.5 

750 

+9 

5 

-5.1 

500 

+9 

10 

-4.5 

250 

+s 

15 . 

-3.5 

i4, 000 

+3 

20 

-1.7 

750 

-3 

22 

0 

500 

-2 

25 

+0.4 

250 

-2 

3I!-.5 

+0.4 

13,000 

-10 

750 

0 

500 

+3 

A.G.C.  VOLTAGE) 

-5.2  VOLTS 

ON  MAIN  BANG  ) 

250 

+2 

12,000 

+10 

MAGNETRON 

9 

POWER  OUTPUT 

2 DB 

750 

+7 

19^ 

3b75 

500 

-4 

250 

-5 

MAGNETRON 

9353.5  MC 

FREQUENCY 

11,000 

-9 

750 

-12 

SERVO  50  FT 

OFF  TRACKING  AT 

27  DB 

500 

-10 

250 

-5 

10,000 

0 

Date  May  20,  1942 
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HUMIDITY  TEST 

CHARACTERISTIC  OBTAINED  OFE  HGT!P  AFTER  HUMIDITY  TEST 
Unit  Serial  Ho.  1 


G01II0HETER  LI1TEAEITY  RECEIVER  SSHSITIVITY 


ALTITUDE 

DEVIATION 

I IT  FEET 

ATTElTUaTOR 

■*.  0.  C. 

PEADIEO 

VOLTAGE 

FEET 

Temp . Char . 

DB 

Holts 

15,000 

-1 

-1 

0 

-4.S 

750 

+6 

+l‘ 

5 

-4.3 

500 

+3 

+3 

10 

-3.7 

250 

+4 

+3 

15 

-2.55 

14,000 

+1 

0 

20 

-0.7 

750 

-2 

-6 

21 

0 

500 

-3 

-5 

250 

-4 

-11 

13,000 

-s 

-10 

750 

-1 

-7 

500 

+5 

-4 

A.G.C.  VOLTAGE) 
OF  HAIIT  BAIT  0 ) 

-5.5  VOLTS 

250 

+s 

+3 

12,000 

+7 

+5 

MAG1TBTP0H 

9 

POUEE  OUTPUT 

0.  DB 

730 

+3 

+1 

2£ si 
3^5 

500 

-1 

+2 

ma&ebtroh 

FBEQUEHCY 

9353.5  MC 

250 

-6 

-5  ' 

SERVO  50  FT 
OFF  TAACXIIIG-  AT 

27  DB 

11,000 

-S 

-7 

750 

-9 

-9 

500 

-ll 

-11 

250 

-3 

-9 

10,000 

0 

0 

Date  May  £0,  1940 

US 
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Fig.  16.  Goniometer  Characteristics,  AN/APN-57,  Serial  No.  1 
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HOlllDITY  TEST 


CHARACTERISTIC 

OBTAINS 

ID  ONE  DAT  AFTER  HUMIDITY 

TEST 

Unit 

Serial  No.  1 

gc::ig: 

ISTER  LINEARITY 

RECEIVER  SENSITIVITY 

ALTITUDE 

DEVIATION  III  FEET 

ATTENUATOR 

A.G.C. 

RSADIIIG 

VOLTAGE 

FEET 

DB 

Volts 

15,000 

0 

0 

0 

-4.55 

750 

+2 

-3 

5 

-4.15 

500 

+1 

+1 

10 

-3.6 

250 

+2 

+1 

15 

-2.7 

i4, 000 

+2 

+1 

20 

-1.2 

750 

0 

24 

0 

500 

+3 

+1 

25 

250 

+5 

-2 

15,000 

0 

-2 

730 

+6 

0 

500 

+6 

-3 

250 

+4 

-1 

A.G.C.  VOLTAGE) 
Oil  MAIN  BARG  ) 

VOLTS 

12,000 

+2 

0 

730 

0 

-2 

MAGNETRON 
POWER  OUTPUT 

DB 

500 

-3 

0 

MAGNETRON 

250 

-1 

0 

FREQUENCY 

MC 

11,000 

-1 

0 

750 

0 

0 

SERVO  50  FT 
OFF  TRACKING  AT 

26  DB 

500 

-1 

-1 

250 

+3 

-3 

10,000 

0 

0 

Date  May  21.  1?4S 

WADC  Tit  52-193 
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Vibration  teat  - Specification  paragraph  D-3b 


Conditions  of  test: 

1.  Equipment  mounted  on  its  shock  mounts  on  table  and  all  connections 
made. 

2.  Vibration  cycled  between  10  and  35  cycles/ second  with  an  amplitude 
varying  from  l/32"  at  10  cycles  per  second  to  ’5/32"  at  35  cycles 
per  second  for  the  first  45  minutes  and  from  $2.*  at  35  cycles 
per  second  to  3/32"  at  55  cycles  per  second  for  the  second  45 
minutes. 

a.  Total  of  90  minutes  in  a direction  parallel  to  the  horizontal 
major  axis. 

b.  Total  of  90  minutes,  horizontally  at  right  angles  to  the 
major  axis. 

c.  Total  of  90  minutes  vertically. 

Results  of  test: 

1.  Equipment  operated  continuously  during  tests  except  that  tube 
V4l2  failed  (internal  grid  to  cathode  short)  as  table  was  being 
changed  from  crosswise  to  vertical  vibration. 

2.  With  vertical  vibration  the  resonance  frequency  of  the  front 
shock  mounts  was  10  cycles  per  second  and  of  the  rear  shock 
mounts  14  cycles  per  second. 

Alternating  Current  Power  System  Regulation  - 

Specification  71-354-a.  Paragraph  D-4b(l)(2)  and  (^) 

Conditions : 

1.  Equipment  se+  up  and  operated  on  test  bench. 

2.  Voltage  varied  from  90  to  135  volts  while  frequency  was  set  at 
300,  400,  500,  600,  700,  800,  900,  1000  cycles  per  second. 

Results: 

1.  It  was  found  that  the  indicator  would  operate  satisfactorily 
over  the  range  95  to  135  volts;  over  the  whole  frequency  range 
300  to  1000  cycles  per  second. 

2.  Below  110  and  above  120  volts  the  A.E.C.  circuit  in  the  trans- 
mitter receiver  unit  ceased  to  operate. 
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TIPE  TESTS  Oil  UNIT  # 2 


The  following  tests  were  repeated  on  Unit  =f2  with  the  sane  results  or  results 
as  given  in  the  following  graphs: 

Equipment  Operating  (Temperature  test) 

Spread  of  temperature  characteristic  5 ft  & 4 ft  from  +30°C  to  +55°C 

Spread  of  temperature  characteristic  5 f"b  & 5 ft  from  +30°G  to  0°C 

Spread  of  temperature  characteristic  8 ft  & 5 ft  from  +30°C  to  -55°C 

Spread  of  temperature  characteristic  8 ft  & 5 ft  from  +30°C  to  +71 °C 

Equipment  Operating  (Humidity  test) 

Equipment  Operating  (Altitude  test) 

Equipment  Eon-Operating  (Temperature  test) 

Equipment  Eon-Operating  (Humidity  test) 

Equipment  Eon-Operating  (Altitude  test) 

Vibration  test 

(The  equipment  operated  continuously  during  the  Vibration  test) 
Alternating  Current  Power  System  Regulation. 
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TYPE  TEST  FOR  TEMPERATURE  CHARACTERISTIC  +30°G 
Unit  Serial  No.  2 

GONIOMETER  LINEARITY  RECEIVER  SENSITIVITY 


At  10,000  feet  altitude 


ALTITUDE 

DEVIATION 

IN  FEET 

ATTENUATOR 

A,  G. C. 

READING 

VOLTAGE 

FEET 

DB 

Volts 

15,000 

-1 

0 

0 

-4 

750 

-1 

0 

5 

-3.7 

500 

-2 

-1 

10 

-3.5 

0 

ir> 

OJ 

-2 

+1 

15 

-2.2 

l4,000 

0 

+1 

20 

-2.3 

750 

-5 

-3 

25 

-1.35 

500 

-1 

-1 

30 

-.55 

250 

-l 

0 

13,000 

-l 

0 

750 

500 

250 

-l 

0 

A.G.C.  VOLTAGE) 
ON  MAIN  BANG  ) 

-4.7  VOLTS 

12,000 

-2 

-1 

750 

-2 

-2 

MAGNETRON 

20 

POWER  OUTPUT 

4 DB 

500 

-5 

-3 

33.5 

250 

-2 

-2 

11.000 

-2 

-1 

MAffiDBTRQN 

9336  MC 

frequency 

750 

-1 

-1 

500 

0 

0 

SERVO  50  FT 
OFF  TRACKING  AT 

31  DB 

250 

0 

0 

10,000 

0 

0 

Date  August  27, 

2$* . .. 

WADG  TR  52-193 
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TYPE  TEST  TEMPERATURE  CHARACTERISTIC  +55°C 
Unit  Serial  No.  2 

GONIOMETER  LINEARITY  RECEIVER  SENSITIVITY 


At  10,' 

000  feet  altitude 

ALTITUDE 

DEVIATION 

IN  FEET 

ATTENUATOR 

A.G.C. 

READING 

VOLTAGE 

FEET 

1st 

2nd 

DB 

Volts 

Run 

Run 

15,000 

-1 

-2 

0 

3-4 

750 

-3 

-3 

5 

3.1,  2.9  (3  V scale) 

500 

-3 

-3 

10 

2.6 

250 

-1 

-3 

15 

2.15 

14, 000 

-3 

-3 

20 

1.55 

750 

-3 

-4 

25 

.55 

500 

-3 

-3 

30 

.1 

250 

-3 

-3 

13,000 

750 

500 

-2 

-3 

A.G.C.  VOLTAGE) 

3 . S Vqus 

ON  MAIN  BANG  ) 

250 

-4 

-4 

12,000 

-5 

-5 

MAGNETRON 

20 

POWER  OUTPUT 

4 DIB 

750 

-5 

-6 

9 

500 

-5 

-6 

mmmm 

33 

250 

-4 

-5 

MAGNETRON 

9332 

FREQUENCY 

MC 

11,000 

-4 

-3 

750 

-4 

-3 

SERVO  50  FI 

OFF  TRACKING  AT 

31  DB 

500 

-2 

-3 

250 

-1 

-2 

10,000 

0 

0 

Date  August  30. 

194s 

WADG  TR  52-193 
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TEMPERATURE  TEST 

e^uiplieitt  gpiaxtirg-  n:  oh  uesr  at  +30°c 

Unit  Serial  ITo.  2 


GOITIOMETER  LIEEARITY  RECEIVER  SENSITIVITY 


ALTITUDE 

DEVIATION  n: 

FEET 

ATTENUATOR 

A.  G.  C. 

READ  I ITO 

V0LTj.CE 

FEET 

1st 

2nd 

D3 

Volts 

Ron 

Ron 

15,000 

1 

“X 

0 

0 

-4 

750 

-1 

0 

5 

-3.7 

500 

-2 

-1 

10 

-3o 

250 

-2 

+1 

15 

-2.0 

14,000 

C 

+1 

20 

-2.3 

750 

-5 

-3 

25 

-1.35 

500 

-1 

-1 

30 

-0.55 

250 

-1 

0 

0 

0 

0 

rH 

-1 

0 

750 

0 

0 

A.G.C.  VOLTES) 

O.i  i-uibXi,  3 i'a.v  G ) 

-4.7  VOLTS 

250 

-1. 

0 

12, 000 

-2 

-1 

lAOEETAGlT 

0 r. 

POTTER  Ol'TFJI 

4.0  D3 

750 

-2 

-2 

20.0 

33.5 

500 

-5 

-3 

MiGrlTET  AGIT 

250 

“ A. 

-2 

FREQUENCY 

933S.5  no 

11,000 

-2 

-1 

750 

-1 

-1 

SERVO  50  FT 
OFF  TRACKING  AT 

31  DB 

500 

0 

0 

250 

0 

0 

10,000 

0 

0 

Date  August  27,  19*12 
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TE1U3SATURE  TEST 

»tfJIR3LT!  QPERATIIIG-  III  CUA^EA  aT  0°C 
Unit  Serial  ITo.  2 


OGiTIOMETZR  LIITEAMITY  RECEIVER  SETTS  IT  I VI TY 


ALTITUDE 

DEVIaT  lull 

11:  FEET 

ATTEEUaTGR 

A.G.C. 

FEET 

1st 

Him 

2nd 

Run. 

READIES 

DB 

VOLTaGE 

Volts 

15,000 

+3 

0 

0 

-3.4 

750 

+2 

0 

5 

-3.0,  -2.9 

500 

+2 

-1 

10 

-2.6 

£50 

+3 

-1 

15 

-2.15 

i4,ooo 

+2 

0 

20 

-1.55 

750 

+2 

0 

25 

-O.65 

500 

+2 

-1 

30 

-0.10 

250 

35 

15,000 

750 

500 

+2 

0 

250 

0 

-1 

A.G.G.  VOLTAGE) 
Oil  MAI  I!  BAITG-  ) 

-3.9  VOLTS 

12,000 

+1 

-1 

MAG1IETR0H 

9 

750 

0 

-2 

POWER  OUTPUT 

4 DB 

20 

500 

-1 

-2 

MAG1IEIR01T 

33 

250 

+2 

-1 

FRECtfJEDCY 

9342  MC 

11,000 

+3 

-1 

SERVO  50  FT 

750 

+2 

0 

OFF  TRACK I1TG  AT 

31  DB 

500 

0 

-2 

250 

0 

-1 

10,000 

0 

0 

Date  Auaus t 30.  19  4S 

VlfADC  TR  52-193  5S 


Fig.  19.  Goniometer  Characteristics,  AlJ/APN-57,  - 


TEMPERATURE  TESTS 

EQJJIPLSITT  0PEBATI1TG  III  CHAMBER  AT  +30°C 
Unit  Serial  Ho.  2 


GOB 

IOMETER  LIEEAAITY 

RECEIVER 

SEES IT I VI TY 

ALTITUDE 

DE7IAII0IT  III  FEET 

ATTEMJATOR 

A.  G.C 

READ  III  G 

VOLTAGE 

FEET 

1st 

2nd 

3rd 

DB 

Volts 

Bun 

Bun 

Bun 

15,000 

+2 

0 

+1 

0 

-2.6 

750 

+1 

-1 

0 

5 

-2.3 

500 

+1 

-1 

0 

10 

-l.S 

250 

+2 

+1 

+1 

15 

-1.2 

i4,ooo 

+2 

+2 

+1 

20 

-0.1 

750 

+2 

0 

0 

25 

-0.1 

50c 

+1 

-1 

-1 

250 

+2 

+1 

0 

13,000 

+2 

+1 

+2 

750 

+1 

-1 

0 

500 

0 

-2 

-1 

250 

A.G.C.  VOLTAGE) 

-3.3 

OH  MAIL  3 AEG  ) 

12,000 

750 

0 

-2 

-1 

iUGHETBOH 

10 

POWER  OUTPUT 

4 

500 

-1 

-2 

-3 

20 

3*r 

250 

-1 

-2 

-2 

MAGEETRGH 

FRE^TJSHCY 

9333. 

11,000 

-1 

-1 

-2 

750 

-2 

-2 

-3 

SEBVO  50  FT 

OFF  TRACK  IHG  AT 

27 

500 

-1 

-2 

-2 

250 

-1 

-2 

-1 

10,000 

0 

-1 

0 

Date  September 

1,  194s 

VOLTS 

DB 
5 MO 
DB 
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TEMPERATURE  TESTS 

SHIPMENT  OPERATING  IS  CHAMBER  AT  +71°C 
Unit  Serial  So.  2 

GONIOMETER  LINEARITY  RECEIVER  SENSITIVITY 


ALTITUDE 

DEVIATION  IK  FEET 

attenuator 

A,  G.  C . 

READING- 

VOLTAGE 

FEET 

DB 

Volts 

15,000 

+1 

0 

-3.4 

750 

-1 

5 

-3.0,  -2.8 

500 

-1 

10 

-2.5 

250 

-1 

15 

-2.0 

14,000 

-2 

20 

-1.3 

750 

-3 

25 

0 

500 

-3 

250 

13,000 

750 

-3 

500 

-3 

A.G.G.  VOLTAGE) 
OK  MAIN  BANG  ) 

-3.6  VOLTS 

250 

-3 

12,000 

-2 

MAGNETRON 

10 

POWER  OUTPUT 

4 DB 

750 

-2 

20 

3? 

500 

-3 

250 

-2 

MAGNETRON 

FREQUENCY 

932 9 MO 

11,000 

0 

SERVO  50  FT 

750 

0 

OFF  TRACKING  AT 

29  DB 

500 

0 

250 

10,000 

Date  Avgust  31,  1948 
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Fig.  21.  Goniometer  Characteristics,  AN/APN-57 


TYPE  test  HUH  AT  +30°C  POE  TEMPERATURE  characteristic 
Unit  Serial  No.  2 


GONIOMETER  LINEARITY  EECEI71E  SENSITIVITY 


At  10,000 

feet 

altitude 

ALTITUDE 

DEVIATION 

IN  PEET 

ATTENUATOR 

A.G.C 

READING 

VOLTAGE 

PEET 

1st 

2nd 

DEB 

Volts 

Run 

Run 

15,000 

-1 

0 

0 

-4 

750 

-1 

0 

5 

-3.7 

500 

-2 

-1 

10 

-3.5 

0 

C\J 

-2 

+1 

15 

-2.S 

14,000 

0 

+1 

20 

-2.3 

750 

-5 

-3 

25 

-1.35 

500 

-1 

-1 

30 

-.55 

250 

-1 

0 

13,000 

-1 

0 

750 

500 

250 

-1 

0 

A.G.C.  VOLTAGE) 
ON  MAIN  BANG  ) 

-4.7  VOLTS 

12,000 

-2 

-1 

750 

-2 

-2 

MAGNETRON 

20 

POWER  OUTPUT 

4 EB 

500 

250 

-5 

-3 

JL5. 

33.5 

-2 

-2 

11,000 

-2 

-l 

MAGNETRON 

P2Eq,UENCY 

9336  MC 

750 

-1 

-l 

500 

0 

0 

SERVO  50  PT 
OPP  TRACKING  AT 

31  DB 

250 

0 

0 

I0,00f 

0 

0 

Date  August  27t 

1?48 
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TYPE  TEST  HUE  AT  ~55°C  FOB.  TEMPERATURE  CHARACTERISTIC 
Unit  Serial  Ho.  2 


GONIOMETER  ilHEABITY  BECEIVEB  SENSITIVITY 


At  10,000  feet 

altitude 

ALTITUDE 

DEVIATION 

IH  FEET 

ATTENUATOR 

A.G.C. 

HEADING 

VOLTAGE 

feet 

1st 

2nd 

DB 

Volts 

Bun 

Bun 

15,000 

+2 

+2 

0 

-2.9 

750 

+1 

0 

5 

-2.65 

500 

+1 

+1 

10 

-2.25 

250 

0 

+1 

15 

1.7 

14,000 

+2 

+2 

20 

1.0 

750 

+1 

+1 

25 

-O.O5 

500 

+1 

+1 

30 

00 

250 

+2 

+2 

35 

00 

13,000 

+2 

+2 

750 

+1 

500 

250 

A.G.C.  VOLTAGE) 
OH  MAI1I  BANG  ) 

VOLTS 

12,000 

0 

0 

750 

-1 

-1 

MAGHETBOH 

20 

POWER  OUTPUT 

4 DB 

500 

-2 

-1 

g 

32 

250 

-2 

-1 

MAGHETBOH 

FREQUENCY 

934s  mc 

11,000 

-1 

0 

750 

-3 

-1 

SERVO  50  FT 
OFF  TRACKING  AT 

2S  DB 

500 

-2 

-1 

250 

0 

0 

10,000 

0 

0 

Date  September  1, 

194s 
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65 


Fig.  22.  Goniometer  Characteristics,  AN/APN-57,  Serial  No. 
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Altitude  In  Feet 


HUMIDITY  TEST  AN/APN-57 

GONIOMETER  CILUIaCTERISTICS  TAKEN  AT  ROOM  CONDITIONS 
IMMEDIATELY  BEFORE  HUMIDITY  TEST 
Serial  Ho.  2 

GONIOMETER  LINEARITY  RECEIVER  SENSITIVITY 


ALTITUDE 

DEVIATION  III 

FEET 

ATTENUATOR 

A,  G.  C • 

Char. 

READING 

VOLTAGE 

FEET 

Plotted 

EB 

Volts 

15,000 

-2 

0 

+1 

+1 

0 

-3.5 

750 

-3 

0 

0 

-1 

5 

-3.1. 

-2.9 

500 

-3 

0 

0 

-1 

10 

-2.5 

250 

-4 

-1 

0 

-2 

15 

-2.0 

14,000 

-4 

-2 

-2 

-2 

20 

-1.3 

750 

**5 

-4 

-2 

-3 

25 

-0.25 

500 

-4 

-4 

-1 

-2 

30 

00 

250 

-1 

13,000 

750 

500 

-4 

-1 

+2 

-1 

250 

-5 

-3 

+2 

-3 

A.G.C.  VOLTAGE) 
ON  MAIN  BANG  ) 

-3.5 

VOLTS 

12,000 

-5 

-4 

0 

-4 

750 

-10 

-ll 

-4 

-ll 

MAGNETRON 

12 

POWER  OUTPUT 

4 

DB 

5°0 

-10 

-13 

-5 

-11 

20 

3S 

250 

-10 

-9 

-3 

-9 

MAGNETRON 

FREQUENCY 

9353 

MC 

11,000 

-s 

-7 

0 

-g 

750 

-9 

-g 

-1 

-5 

SERVO  50  FT 
OFF  TRACKING  AT 

32 

DB 

500 

-7 

-6 

+1 

-2 

250 

-5 

-3 

0 

-1 

10,000 

0 

0 

0 

0 

Date  September  24, 

194s 

WADC  TR  52-193 
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HUMIDITY  TEST  AN/ABT-57 

GONIOMETER  CHARACTERISTICS  TAKEN  AT  VARIOUS  TIMES  AFTER  UNIT 
WAS  LEFT  III  CHAMBER  FOR  66  HOURS  AT  5C®C  and  100$  HUMIDITY 

GONIOMETER  LINEARITY  RECEIVER  SENSITIVITY 


ALTITUDE 

DEVIATION  IN  FEET 

ATTENUATOR 

A.G.C 

Iiruaed. 

1 hr. 

6 hr. 

BEADING 

VOLTAGE 

FEET 

after  test 

aft.  test 

aft.  test 

DB 

Volts 

15,000 

-4 

-1 

+2 

0 

-4.0 

750 

-3 

-6 

0 

5 

-3.7 

500 

-6 

-6 

-2 

10 

-3.2,  -3.0 

250 

-13 

-3 

-2 

15 

-2.45 

i4,ooo 

-22 

-l6 

-6 

20 

-1.6 

750 

-23 

-21 

-7 

25 

-0.2 

500 

-24 

-IS 

-10 

30 

00 

250 

-10 

13,000 

-10 

750 

-2 

500 

-3 

0 

0 

250 

-6 

-1 

-2 

A.G.C.  VOLTAGE) 
ON  MAIN  BANG  ) 

-4.4  VOLTS 

12,000 

-10 

-6 

-3 

750 

-23 

-16 

-10 

MAGNETRON 

12 

POWER  OUTPUT 

4 DB 

500 

-23 

-18 

-10 

20 

3S 

250 

-23 

1 1 

£ e 

-9 

MAGNETRON 

FREQUENCY 

9353  MC 

11,000 

-23 

-10 

750 

-26 

-19 

-8 

SERVO  50  FT 
OFF  TRACKING  AT 

31  DB 

500 

-13 

-13 

-5 

250 

-3 

-8 

0 

10,000 

0 

0 

0 

Date  September  27. 

1948 
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Fig.  24.  Goniometer  Characteristics,  AN/APN-57,  Serial  No.  2 
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......  r. , . n } : jnxaxsxn^iii^Lcmxaxr^ 

Fig.  25.  Goniometer  Characteristics,  AN/APN-57,  Serial  No.  2 
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Goniometer  Characteristic  AN/AHM-57,  Serial  No. 2. 
* ^iijMiarfiWsteristic  Before  and  Si*  Hours  After 
* i;  Humidity  Test 


pi:£!:s!:ii::H| 


{***«■***»  •*»>•»■ 


•■«***■•**•*■«: 
Ettttt  »**■*••' 

BeSSSS  •£&«•«■! 


Eat* ■■•■■•aaaiaa 


■****■**»■** 

b*a**t>*a*K* 


m «»**«  ****»*•*»•  titan  *■*«• aaaaai 

a l.klt  i.tt.  i.  aa. 

I*  ********** „ , 

— i #a*  *»••••■■•■«•«■•••■  

*********tt**a****** •**■••*••■ **••■■< — 
xtaont.iiaattattt.itiiitniitsitteiBtKiatK 
••»*««•**•  >*■•• •*■*«  >•*««  Mtn.nti  ■**••■■■1 

iUUI,,,,,,,,,,! 


»*«■«« 

:■*••■* 


■ •■■MiniitiaMnniaanmn  a taat  aaaiiaaaaai  aaaaa  aaaaa  •■*■«  a •namitxatiiiaaiiMaittaaiiaiaiimmanvaaitagait  aaaaa  aaaaaai*  a*t  ■■•••««■■  •■««■«■«■ 

— — tiataannaaaaaiaaxsiiaimiiiaataiiEa.maaniiatmon.i  taaio.ai.itd.aaaiitti'taaaataaa  »■**  at*  *»<*«*•««**••>  91 

anaaiaiMaat  »*att ••*■■ taaat tat* * tet*ttttat taaat atatt aaaaaaaaaa aaaaaaaaaa tataattaei ia*af*tB*a ■*■■■(*■•« a taa* taaaa taaat *aatw**aataa<aaaaaaaa»aaaaaaaaaa*aa***Maaaaa*B 

■■MM Mg ■■»•••  ■ aaaataaaataaa  at  a aitiitna  aaaaaaa  a at aaatt ttaatt «•*••■ aat ■•******■■■■■ a* tt**a  tit.  a taiat ttaaa taaat a cat* aab at » aa*a aaaaa aaaaa *a*a*aak«a ■■«•*■ 

•••■■•■■•••■■■■■•■■■B»aaMi>aaataaiitai>iiaati<it»itai>itii>a>itia»iMi.»a>iiaat«aaMi>.iii>nMiii»»M»Mii>a»ia«a>.taaantaaa| 

••*••■*■•*■■■••  •■*■■■■■■■■•»>«  ■txaiixtiaaiiti  ••.■■•.■••■•■■■naaiiEinaaMMatanaattl 

!■■■■■■■>»  ■**».*. ••*•*■».  .••■••■tuiiiiMt  •«•■*•  •■■*»**«*•**•■  >>>>a||gag|BfgM|aMMMHaHB||igBau|MMHiMMM|M||g||lll|| 

I «•««*  » t t vi  ittttiM  * 4 t*i*  a aaaat  a Baa  a *•  at*  taauMM|~  - - - - 

■iiliiiii  iiliiiili!  iiiii  Hill  IIIiiiliiiiiiffiBM 

Faa*«a***«a**a«nia*i^ii*5**M**»^  a a aaa«aMMinu«*iMMiMiaiaMMi*^ 


••••a ■•*•«•■••■ aa*at aaaa* aaaaa aaaaa t»aaaa*i 


• ■ at  • ■ am*  a • a ana  mm  • at » • ■■»■  at) 
t taaa tatat taaa* »«*•»»*»•* ai 

••■•a  a*taia**atK«a*ta*tttti 

***§!!**!*  !*•***  »*■**  « jjaaa  oa  at  a «i 


iiillSIiii! 


taatnaittiaiiiaa.aa.i 
aa>«B»gat.Mm»«n 
• ■..Mitaataiixtiaati 
taiaaaitaaaaa.aaaaaati 

[■...<....»uaai|||a| 


•a 

I*.  *■•**•• 


■*  i**»**a****aa*»a ■••»■■*•** 

ii< 

mm!- 


IHiii 


taaaaaaaaa 

■ ■■••■■mi 

iiaattaaaaiaiaaiatx 
itaaiaataaiaaattaatt 


PMaaaM*a«waM 

I ■*■»•«  « •»****»•  a td 

■■••a* ai*a*aa**t 



[iiiiiiiiiiiiliifi 

!S-SSSSSSSSSSSS«*a 

111 

■««««  *****^P| 

HHaiaa.M  a •*»•»****  »*«*•*»!«»  ••aaTSSSH  . . 

E>aaaatttaaia»aaaa»aaMaaaaa»t»>a»>ia»ataaatiaatatta«aaiataaa»a»a«t 

kaaaiataaiiaaaaaaaaaaaaiaataaaaaaaaaitiaiiaaaaitaaaataaalaataaaaaiiaBlIIIIIIVIVIIIVIIVI 
HaiatMaaaaia»  ■ a aa  a aa  a ■ ■ a a a • • • a • a a a aa  a ■ a a • a *■  a a aalat  Bat  a a aa*  an  I ana  lain  laaillilll 

laa*  aaaaaaanaa  taaaa  taaaa  mu  >aaai aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  ttatt  aaaaaaaaaa  mm. 
i tat  aaaa  iiaaaaaaaaa  taaaaaaaaa  a a taa t attx ttatt a***a aatai tatat  iiiibii>iiiimi  aaat a I 
kaaa  aaaa  a a aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  taaaituaattattattaattntl 

ku|uu|(.Hi»..».<.t  aaaaaaaaaa  a aaaa  aaaaaaaaaa  taaai  a aaaa  itua  aaaaaaaaaa  aaaaa i 

Laaai  lain  «••*»  taaaa  aaaaataa  aaaa  aa  a titaaiaaia  

aaaa  a aaaaaaaaaa  aaaat  aaaaaaaaaa  taaaa  • tut  aaaaaaaaaa  aaaa*  a aaat 

| * * jjj  j**  j j j j j*  jjjj*  jj  j jjjj*  jjjjjj  j*  jj*  jj*  j*  J JJ  J5  J55J5  JJJJJ  JSJd 

B .aaaa aaaaaaaaaaaa aaaaaaa# a«a#a aaaaaaaaaa aaaaa aaaaaaaaaa aal 


(aaaaaaaaaa  a aaaa  ■iiltiiiiiiiailimi  >i 
■ aaaa a aaaaaaaaaa  taaaa  iiiiiHmtKti  a< 
Fa  aaaa a aaaaaaaaaa  taaaa aaaa a taaaaaaaaa  at 
Uaajuyuiaaaaaa.aa  ■■•aaiti.iitaBtirtntMi 
■MmMM<Miu>a>  taaaa  aaaat  ••*••«■*■■■■ 
atMt^iiilimmManiatMitMiiMiiMni  aat  jmmm 

HHim] 

EiaaaaaaaaaaaaaaaaaaMaatavJ 


Initial  Characteristic 
(Room  Conditions) 


taaaa  aaaat  aaaat  a>i 


• aaat  n».i.a»»(««sn*i«<iaa«t«t*»«»B«»nnn 
■mHlltlttlMtttlllttlHtimtMMtlltlttl 


ittattiMtitannaantl 


p^SSiSKSSiSRS 

aaaat  aaaat  a*aaaai 

Sasj&iiitziiiiiimwB 

ittn  •itMtniiaiimittt  nitt  t«i 
^■ltttMM»tt«tM»r  -'aaaa  aaaaaaaaaa  a ail 

Featttaaattaaataaaattaaaa  aaaaaaaaa  • 

laaai  aaaat  aaaat  tat  at  aat  a . .tt»t»»t»»ti*««ttM*t*BBM**l 

^Mtt»mtM»tini»  »«■«'  .«ta».i»tttt*t»»tm  taaaaaaaaa  *»*•• «ta*i  I 

, •M.iiu.imiii.t)  I aaaaaaaatt  taaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  I 

|a»tti  tta*  at  aaaat  aaaat  aat  it  taa  aiUMHa  — - — 

HR  a a **  tl!*a»5a  tatat tala) 

laaaafeaa  aaaaa aaaat aaaai 

•••»«»•  <«a«  aaaat  aaaaaai  antJPHPWW 

' "•  " **•  * aat  aaaat  «*»»«»  ««»»»»»». 1 
. -ant*.  iiaot.tti] 



laa  aaaaaaaaaa  aaaa..  .tat  .-at  a,  aaaa  aaat  a a aaaa  aaaaaaaaaa  taaaa  taaaa  aaaaa  aaaiaa  aaaaaaaaaa  aaaat  aaaaaaaaaa  aaaaa  taaaaaaaaa  aaaaaaaaaa  aaaaa  aaaaa  aMMMMM 
■MMtfMMMNM| aaaat aaaaa aaaat aaaaa ttatt taaaa aaaaa aaaaa taaaa aaaat taaaa to tat aaaat taaaa aaaat a aaat taaaa a taaaa aaaa aaaaa aaaaa aaaaa aaaaa aaaaa aaaaaaaaM 

Wkm r i iiT'i'i 


it aaaaa taaaa aaaaa aaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaatt aaaaaaaaaaB 
■I*1* aaaa t taaaa aaaat taaaa aaaa t aaaaaaaaaa aaaaa aaaa paawaa aaaaa  I 
|«a  t taut  a tat  a a aaat  taatt  aim  aat  at  aaaaa  aaaaaaaaaa  aaaaa  aaaaa  ■ 
■■ aat aaaa a taaaa a aaaa *•**« ■ ■■• J •*■*■  aaaat aaaaaaaaaa ggSiaaSSSafl 


iaaaai aaaaa aaaaa aaaaa taaaa aaaaa taaaa taaat aaaat at aat t a ait taaaa aaaaa aaaaa aaaa a aaaaa aaaaa t 


taaaaa aaaaa aaaaa aaaaa aaaaaai 


ia  aaaat  taaaa 


laaaaaaaaaaaaaataai 


aaaa aaaaa  aaaaaaaaaa aaaaa aaaaa aaaaaaaaaa aaaaa aaaaa aaaaaaaaaa aaaaa aaaaa a aaaa aaaaa aaaaa aaaaa aaaaa aaaaa aaaaa aaaaa a»aaaaaa< 
■ONMaat^**tiM>a**«^«a^ie**i^txa»aBuBa^»ta^aaai^ai^»«aaa^a«ijMiaa^ 


BMIaatataaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa ■*»«* tataa 
ia  aaaaaai  aaaaaaaaaa  aaaaa  aaaaa  aaaaaaaaaa  taaaa  aaaaa  if  Httna  aaaaa  init  tatat  aaaat 

Hi  tatat  ■ ■■!!■  *at*RMT 


Ittaaaataraaaaaaiiaaari 


b aaaaa aaaaaaa 


Iisiiiiiii 

is:::::: 


iiiiiifi 

:::::::: 


^ g 


I :::::::::::::::::::: sssssi 

• • |m«  aatagaat  aaaaj  aaaaa  | 

y<IBatitttittiitiiiiatttt«aiai*ti  itag| 


taaaattiaataaaacaaatttt 

5BH! 

■HMM  a a ••  a a a a a a a a aa  • a aa  aMMMMMMMMl 
^tataataatttatatatj 

££££iii£;ii£5i£iSiiIiiSSii;i5£& 

aaaa*  aaaaaaaaaa  aaaaa  aanaa  taaaa  ttaa*  itaaaa**#*  tat  t*  ■ ■■■■■•••■mmiOTVHPMMmWVMHHRHHHMH 

MHMMHHMM  aaaaaaaaaa  aaaaa  aaaaa  aaaaa  aaaaa  aaaaa  taaaa  aaaaa  aaaaa  BaaaaaaSiiBaaaaSaaaaaaaitaSaaaaaiSaiilSaS 
a ******  «**•*«**  aaaa*  taaa*  taaaa  aaaat  aaaat  inti  taatt  taatt  aat  a*  aaaat  aaaaa  #»**»•#»**  »«*»■*»»*» 
aaaaa aaaa* taaaaaaaaa aaaaa aaaaa *#•**  aaaaa aaaaa aaaat aaaaaaaaaa taaaa aaaat »»#»»*****»■*»■»•■* 
tat aaat aa* taaaa aaaaa aaaaa taaaa aaaaa aaaaa ******** aataata taaaa ***** aaaat «• tat aaaa tataatttta 
aaaaa aaaaa aaaaa aaaaa aaaaa aaaaa aaaat aat i* aaaaa taata tat** aaaaa aaaa* a aaaaaait aa  aaaaaaaaa 
• ■•■■■■tiMiaii  intaaitatMittiunttattittttuttiniuatiiitanBtintttlttttmninttlM 
aaaaa  aaaaa  aaaaa  aaaaaaaaaa  aaaa*  aaaaa  aaaai  aaaa*  aaaat  aaaaa  aaaaaaaaaa 

*****  tatat  aaaa*  tatat  aaa  a*  aaaa*  ***■«  taaa*  aaaa*  taaaa  taata  aatt*  tittt  ■*«**»*  ntnaitaMMI 

aaaaa ***** taaaa taaaa taaaa aaaa* taaaa ■***■******»■*« **»******#»«*•■ aaaa* **K«Baa*a« 

** a a* taaa a taaa* taaa* taaaa ****** taaa taatt taata tatat latta *****«•»«* **«»•»**** aaaat tnaaaaaaa 
at  taa  taatt  taaaa  taaaa  taaaa  tatat  mat  taatt  taatt  ttttt  tat  taaa  tat  ttatt  taaat  tint  aaaat  tmnttn 



■■■■■■■■■■■■■■■MMPHHHiBaaaBaavoiatt*  tatat  a ■•••  tatat  aaaa*  B*aKaaa»*»aKiti«a«a*i 
■ aaaa* aaa t**aa* taaaa taaaaaaata taaaa taaaa ** aaa taatt aaaaa ttttt aaaa* at tit  tat* taatt* aaauataaa 
ttt^uujuttutttutttutttttta|nuauuttuuuuu|uu|i.ii>ti  aat  at  aaaat  ataaMMlMM 

taaattttitntntaataBBH 
1 1 tttwa at* *t aaaa* taatt ttaa 


it  aaaat  taatt  tti 


>aaataatiaaaiii*aaiM«iti 

ia*a»*a>'S*t«*J>t*aa*»  a*!a  «!***•  t! - 


i* tatat t«*a* * .. 

i*  taa*  aaaa*  — 


lt***asa*t*t«*<ta*> 

Fata* t*tii*ata* taa* . * 1 

********* *******«*« **■*;***'  »;»*;***■_■»; 

I aaaaaaa »»■ laa.J 


■ taatt  ttttt  ti  tnittttKOTMMMHMHi 
| taaat taatt «t  aattatt tatat aaaat ***** aat a* 


I:::: 


laataa  ai 


a *****  taatt  aaa a taaaa a 2SSSSSS5SSS5SSSSSM 

H3»;:ss8sss3ssss;ss8:ss:s:s»:s»» 

^yt*t*Mt*ytta«waty*M»i**Ma»*«**y*«»[*»iy*i*«S»|MgM«* 


- I 

HBatttt  atataiaata  HH 

aaaa* aaaaa* aaa itaaaa  «•*■*!»*•****»•***»» **********  »**«•**!»« tttiSStiii iiiii iititaatiiittS* 
aaaaa aaaaa aaaaa taa** ********** aa**t taaat ttiiiitttiatttaaattittata  aaaaa* *a**»S»5*t ■*•»*•*«« 

■■■■■■■■■■■■MaaaMMaMMMaMaMMMMMMMUltn  ••*«*  MMMMMMMMMMMMMMMMMMIMMMMMIMI 

{■liiiglHi 


■■■B85aS»8»8S38SS83»»jBarT»saeBac 

mmmmmmiizm 
•mmm 


•ataaaaaai 


KaaiNaai 
b tatat  ti 


„-„---.-,-,-.BBR*»*R«aaRa**R««aR#atR»**a*a*aRa*#RaaiiRaaaa*aaaa  i«*3a  ai 
laa tttau  taaa* t*a*«  **• a* taatt  *»ta ■*■*■* •**»**•****»*»■**»■*•*****« 

pa a tt it t*t ******* taaaa ********** t*aa **************** taatt *iaaaigai»8*aa«a< 
ta*att*t*tt»»at*a*t6t»**t*. 

^!***ata*atttt*a?t*t**ttttt ■■**•••**• *«••••*•*• *22Si*3SSiSaS3SS*88SB*SSSai 

■■jjiiiiijijpiiiiiaiiiiOT 


jt**iyit«^jnia  a a a 


taa aaaat tatat taaia < 


luttmtm 


>aaBiaaBBa*iaBaBaaaaaa«as> 
■tta*«t ******** aaaaaaa aaai 

it  tttitt  ttttt  ttttt  taatt  tatj 
itaaatt 
iBaaaaa 

■■■BBaatatt 


i*55S  *! 


•tattataataatt 


■aaaaaaaan  >»n»«  •itttatanii 


Cattatit  at! 

MHPmi  a * • a a m a a * I 

ttttt  ttttt  tatat  .*• 

it  taaaa  **********  aa^ 
■ « aaa ****** •■tat  at 

.tatat. 

bu>waa**aaa«***>  ail 

■■I* at  ttttt ttaa* tti 

b***«* •*•»**••***■ 
!■**«■*  » *********  a*V 
M*a*aaaliaaaaa«**al 

CmmmmmSmm*  " 51U 


P»::ssrss:ss:::] 

iiiliiil 

kuniiggj 


iiiiiuiifti'iti  ■ittianti  tttxt  *•«*»*  aatt  taiHOT 

tlitiiimtttni  iniiiin>iiii»itti«t«ttttiat*tn>*antul<nHHHHPRM^M^^^^OTM 
■*aaS*iia*t«t«t> »*»»tt»ttt «**tt ********** tatat taatt a*aat aaaat a»aaaa— aaaa— aaag>a8Biiii 
I ***** ********** •** at a ***■!■**■ aaat a taaat  *****  *****  *****  ************* *a  ***** ■*«»****•*  i 
■MMBMMMim  *•  *****  ***************  aaaat  *aa  *******  a*****************************  i 

*****  I taat  ttaat  *****  »**a  tiaaaa  aat  at  a*  aaaaaaa  a aaaaa  **•  t taata*  ttttt  tnuj 
■ at  at  t tt  it  tit*  ■ ttttt  •»#«»*****  •«*  at  *****  a a at**  tit  a |^ua||>j|U|MMMM 
U^|(Miit...a.n.iii»iuiii  tat  *iim  an  aaaaaaaaaa  I 

ttatt 

MMMBMMMMMMMMMMMMMM »•••  *****  ***** 

ran  uisiSrarararaEa 

.ttttt**  a ttttt t» tt* aaa.  atil 

(att **ai tatat  . ********  *»*#»****»*  -■■■■■>■■> aal 

Bit  •*»**»**  aal 


*»ai 

»*•' 


iBiilKiii 

„ 


iepieiii 

taiaaaaaa 


Characteristics  Six  Hours 
After  Humidity  Test 


.at tatat ttatt tat at 

Ft ***aa ********** 
■a aaaaa aaaaa aaaaa: 

■■ aat at ********** 
:*a tat **•**••*■■■■ 

at  aaaat taaaa I 

****«■■■■■ 

'taat 


i::E| 


■aattaaaa taata Bt**a**tata**ai**B**aai 
tt ttaat  tt at ttt taatt  a ********* aaai 

iaaaa*aaaa  aaaaa a*«*a  aa*a*aa*aa«*»iMMMMMMMMMMMMM 
aattatt *a taaaa **• taaa* ******* *a***«aa»a***aa**a< 

H|>M| 


a..iiiw<it..i«iiii  ttttt  ttttt  | 

MMHHNIINIlipMMnMMMMi  *******  *aa*«  **********  *****  ■ 

taat  at  taa  ta.ta  tntt*  aitaiaian  aaaaa taaa*  taata  | 

*aataat*aii|iaiatifiBtt**ttuBt*t*»ttB*t*B«*a»*tn*itaa»>t»tBm*tl| 

*1  ■«x«t***t  tiat*  aaaa*  aa*a*t***ta**a*  tat  to  ******•*••■ 
| ■* a tiaaaa taaat *•»***■*****•«* ****** taaa oattatB**** 

y**«ttat*  *****  ttt.at  ********************  **»*#**»*« 

it  t«  »»»«»*.*»«  a »*«*«»»■**  ttaat  f*»«»»ap  taaaa  tta*i^ 

MaMMMMMMiaMM  * a ■ ■ " * » * a * * » « » • • » • * * *• » • ■ 

tta«****aa****«  i>aiuauial 

iiinBHi«i*BaB*( 

■.itiziiiiiitzsti  1 


■ at* taaa*  ***** aaaat < 



i*taa«aaa aaata aaaai ■ 
lit* aaaaa aaaaa aaaaaai 


■•■■a.aaiai 


■ aaaaa  ai 
i*»«a»*« 


i:ss:;s5s| 

>>*an**a*| 


; Humidity  Characteristic 
| Spread  *-  10  ft.  | 


SaaSaaaaaaS.  3 

ssRssKsr*:^ 


M*t«n«nuttnann*l 


|>a*  a*  aa*  **■ 
■aia.aiun 
'•MIBNBfta 


la  **********  a ttai 


II  ia.«i*  mc*  ttttt  a B»Baa*aiaitili>] 

■*»>!**•******#»##**»  *«*»»»**«»  ft 

tt  ttaat  >■■■■■■■■■  ta*»i««<  tta  laaaaaiaiiiiaaiaiaai  aaaiaa  »»aa»4 
la  tta**  taaaa  aittattakt  tatat  ittat  t***a  *****  **■*■  aaaaa  aaaat 

■mmiiai.aii  aaaactaa**  *****  *****  aaaaa  *****  ■■■ataaaaa  taaaa  aaaaa  *****  *•*•■»■«**« 
[a »**■*»* ******••*■*»» i •**■ **«•* taaaa *a**« aaaaa aaa*taraaa*B****B****«**«**i 

I »*t***»*****a****B***a*«t* •»■•»»**»• aaaaaaaaaa  aaaaaaaaaa *****  *****  ******* 

■■■.■■■■■■■■■■■■■■■■it|||tttt|t|tu|||n|J 

■■■MMM* »••*•*■•■■■■■■  i ■ •■■•■■aa* **»»»»**»»a***t***»*l 

B.atBmmn»»»«».m.i.i.i’a»n»»a.»»»».»MMHHHM—i 

JM*«****  ■**•*  aaaat  taaaa  aaaaa  taaa*  taMMMMgMMMBMMMMMMB^HMMMMMMMMMMMM 
■••*•*■■**•■ ta**> taaat taaa* taatt tai 

^^■t*t**a SUSS* Ilia »**■!*»**!* taaat *5| 

*»*•*  »***•  *»■«*  >■•■■■ 

MMI » **•*»»  *«*»«»*  »•*•»«*•**»•  ttttt  tatat  J 
l* *•****»■»* «****»**«» ta a a* aaaat « aa aal 


H * «*■«* HH. — , 

ia  latiaaiBBt  iimb  ■•»•  ■■■■■■■■ 

i:£:£5:£l£:;££;£S£5^SSS£S£££! 


nPn 


Iiliiiili 


HKtaaa ' 3RBfa»MaS5*Ra5«^Raaaf 
aaSSSSSESaM  'USr.ZSZKZZZlZZZZZ  ZZUti 

aaat 


aaaaaaaaaa 1 
aaaaataa**  *i 


liiillllliiiiiifiillliiillill!! 


I::::::::::  :£:!:! 


zzzzzzzzazzzzzizz 


I::;;:;::::::::::::::::::;: 

!.:;:£f|£.::i 


£££££££££££ ££££££ 
;:::££:::££:!:£££: 


Hill 


»::::££ 


HRS533S5 
:::::::::: 
ta*a**t**uJ 

Mill 

^uuuuuiimm 


j:aH| 


:::::::: 


IIIII 


££::::  < 


■aaa  aaaa*  ■«••■■■■■>»■*■  aaaa*  ■■■aaaaaaa  *•*« 


g.  26. 


■SaaaSaaaSI 


::::::: 

183838 

iiil 


-193 


APPENDIX  7 

RESULTS  OF  GROUND  TEST  OF  ALTIMETER  AE/aHJ-57 
C0LDUC2LJ  AT  ARE*  "C”,  WRIGHT-PaTTERSON  APB 


Ind 

i:o. 

RT 

Ho. 

FIRST  SERIES 

Surveyed  Distance  Dial 

Scope 

22  July  49 
1-5  Aug  49 
l6-17  Aug  49 

19  Aug  4§ 
22-24  Aug  49 

Error 

1 

11 

7750 

7760 

+10 

+20 

1 

11 

7750 

7755 

+ 5 

+10 

1 

13 

7750 

7750 

0 

0 

1 

11 

7375 

7220 

+10 

+15 

1 

11 

7375 

7220 

+10 

+15 

1 

11 

7375 

7220 

+25 

+30 

1 

11 

7375 

7220 

0 

+ 5 

1 

13 

7375 

7390 

+35 

+50 

1 

13 

7375 

7220 

+10 

+15 

Smallest  error 

0 ft. 

Largest  error 

+50  ft. 

Mean 

error 

+12  ft. 

Faulty  2C51  tube 

(7601)  in 

Divider  circuit  - replaced. 

2 

l4 

7375 

7790 

+ 5 

-20 

2 

13 

7375 

7735 

+10 

-'20 

Indicator  did  not 

function  properly. 

Dials  rotated  to 

the  maximum  limit 

stop  and  did  not  return  to  zero  when  the  calibrate  switch  was  used. 
Insulation  of  wire  on  3DP1A  tube  was  cut  by  housing;  when  the  wire 
grounds  on  housing,  pulse  indications  are  not  obtained. 
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Ind 

Wo. 

HT  Wo. 

Purveyed 

Distance 

Dial 

Scope 

Error 

3 

15 

5000 

3 

16 

5000 

No  readings  were  obtained.  Dials  refused  to  go  to  0 from  the  negative 
limit  stop.  Phase  Detector  Balance  adjusted  slightly  and  0 was 
obtained  in  calibrate  position;  however,,  pulse  disappeared.  Dials  re- 
mained at  0 in  the  operate  position. 

4 

15 

5000 

5045 

0 

+45 

4 

16 

5000 

5055 

0 

+55  Dial  jittered 
in  Calibrate  and  Operate 
positions 

4 

15 

5000 

Dial  oscillated  about 

+5  feet  in  Operate  position 

4 

15 

5000 

5042 

0 

+4,2 

4 

15 

5500 

5530 

+10 

+40 

4 

15 

6500 

6535 

0 

435 

4 

15 

7275 

7912 

0 

+37  Dial  and  pulse 

jittered;  Operate  position 


4 15  2375  S405  +20  +50  Dial  and  pulse 

had  a 30-foot  jitter; 
Calibrate  position 


4 

15 

2275 

9005 

+10 

+40  Dial  had  a 
30-foot  jitter;  difficult 
to  calibrate  correctly 

4 

15 

9375 

9392 

^10 

£33 

4 

15 

10,000 

10,025 

+25 

+50 

4 

13 

10,000 

10,030 

+ 5 

+35  Dial  had  a 
20-foot  jitter;  Calibrate 

position 

Smallest  error  +33£t 

Greatest  error  +55  ft. 

Mean  error  +42  ft. 
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Ind. 

Ho. 

HI 

ITo. 

Surveyed  Distance 

Dial 

Scope 

Error 

5 

15 

5000 

5000 

+30 

+30 

5 

15 

5000 

5025 

+10 

+35  Dial  stopped 
momentarily  then  moved  JO  ft, 
cv  for  a new  reading 

5 

15 

5500 

54S2 

+30 

+12  Dial  jittered 
about  20  feet;  Operate 
position 

5 

15 

6500 

6550 

0 

+50  Dial  jittered 

5 

15 

7275 

7900 

+10 

+35 

5 

15 

2375 

s4io 

0 

+35 

5 

15 

2275 

S910 

-10 

+25 

5 

15 

9375 

9400 

0 

+25 

5 

15 

10000 

10045 

- 5 

+40 

5 

15 

10000 

ioo4o 

- 5 

-10  ( Pulse  and 
zero  marker  set  at  -50) 

5 13 

Smallest  error 
Greatest  error 
Mean  error 

10000 

100^ 

+12  ft. 
+50  ft. 
+32  ft. 

+ 5 

+30  Scope  intensii 
varied.  Disappeared  com- 
pletely then  reappeared. 
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Ind. 

No. 

ax 

No. 

Surveyed  Distance 

Dial 

Scope 

Error 

6 

15 

5000 

5025 

+20 

+45  Marker  pulse 
disappeared  after  one  reading, 
Dial  did  not  return  to  0 in 
Calibrate  position. 

6 

16 

5000 

5045 

0 

+45 

6 

15 

5000 

5040 

+ 5 

+45  Dial  oscillated 
about  1*5  feet  in  Operate 
position 

6 

15 

5500 

5500 

+30 

+30  Dial  and  pulse 
jittered  in  Calibrate  posi- 
tion. Pulse  did  not  return 
to  0,  thereby  making  frequent 
adjustments  necessary. 

6 

15 

6500 

6535 

+10 

+45  Dial  jittered 
(Calibrate  and  Operate 
position) 

6 

15 

7875 

7905 

+15 

+45 

6 

15 

8375 

2420 

+ 5 

+50 

6 

15 

8S75 

8915 

0 

+40  Scope  intensity 

varied. 

6 

15 

9375 

9410 

+ 5 

+4o 

6 

15 

10000 

10045 

+ 5 

+50  Scope  intensity 

varied. 

6 

15 

10000 

10000 

+10 

+50 

Smallest  error 

+30  ft. 

Greatest  error 

+50  ft. 

Mean 

error 

+44  ft. 

■ 
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Xnd. 

Ho. 

ar 

No. 

Surveyed.  Distance  Dial 

Scope 

Error 

7 

No 

readings  - 

defective  upon  arrival, 
"broken  2 X2A  lube. 

Open  primary  on  transformer  and 

g 

15 

5000 

5025 

+10 

+35 

g 

16 

5000 

5045 

+ 0 

+45 

s 

15 

5000 

5040 

+ 0 

+4o 

8 

15 

5500 

5500 

+25 

+25 

S 

15 

5500 

5500 

+20 

+20 

g 

15 

65OO 

6538 

+ 0 

+3g  Slight  jitter 
of  dial.  (Calibrate  Position) 

g 

15 

7875 

7895 

+10 

+30 

g 

15 

8375 

g405 

+ 0 

+30  Amplitude  of 
pulse  75$  of  normal. 

g 

15 

8375 

8380 

+15 

+20 

g 

15 

8875 

8903 

+10 

+38 

g 

15 

9375 

9412 

- 5 

+32 

g 

15 

10000 

10030 

+ 5 

+35 

g 

15 

10000 

10035 

-55 

-20  Pulse  and  zero 
marker  set  at  -50  feet. 

g 

13 

10000 

10030 

+ 0 

+30 

+20  feet 
+45  feet 
+32  feet 


Smallest  error 
Greatest  erio  r 
Mean  error 
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Ind.  RT 


No. 

No. 

Surveyed  Distance 

Dial 

Scope 

Error 

9 

15 

5000 

5050 

-10 

+40 

9 

15 

5000 

5050 

-60 

-10  Zero  marker 
and  pulse  set  at  -50. 

9 

16 

5000 

5040 

+10 

+50 

9 

15 

5000 

5040 

+30 

+50  Scope  intensity- 

varied. 

9 

15 

5500 

5495 

+35 

+30 

9 

15 

6500 

6535 

0 

+35  Scope  intensity 

varied.  Dial  and  pulse  i ad 
a 20~foot  jitter  (Operate 
and  Calibrate  position  j) 


9 

15 

7875 

7900 

+15 

+4o 

9 

15 

8375 

2415 

+20 

+60  Pulse  ampli- 
tude low;  hardly  visible 
above  circle. 

9 

15 

8875 

2910 

0 

+35  Pulse  leading 
edge  os  ciliated;  difficult 
to  read. 

9 

15 

9375 

9402 

+10 

+43 

9 

15 

10000 

10050 

0 

+50 

9 

13 

10000 

IOO35 

+15 

+50  Amplitude  of 
pulse  50$  of  normal 

Smallest  error 

+30  feet 

Greatest  error 

+60  feet 

Mean 

error 

+44  feet 
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Ind. 

Ho. 

El 

Ho. 

Surveyed 

His  tance  Dial 

Scope  Error 

10 

15 

5000 

501S 

- 10 

+S 

10 

15 

5000 

5025 

+ 10 

+35 

10 

16 

5000 

5040 

+ 10 

+50  Zero  marker 
moved  to  -10  in  Operate 
position  after  being  set 
at  0 in  Calibrate  position. 

10 

16 

5000 

5040 

+ 0 

+4o 

10 

15 

5000 

5012 

+ 10 

+22  Scope  intensity 

varied. 

10 

15 

5000 

5050 

- 10 

+40  Dial  oscillated 
about  100  feet  (Calibrate 
position) . 

10 

15 

5500 

Amplitude  of  pulse  too  short  to  read.  Dials 
indicate  approximately  the  correct  distance  of  target. 
Dial  had  a 100-foot  jitter  (Calibrate  position). 

10 

15 

65OO 

6540 

+ 0 

+4o 

10 

15 

7275 

7900 

+ 10 

+35  Zero  marker 
not  normal. 

10 

15 

2375 

Scope 

had  two 

circles.  Difficult  to  calibrate 

10 

15 

2275 

2295 

- 10 

+25  Scope  had  two 
circles.  Difficult  to 
calibrate. 

10 

15 

9375 

9385 

+ 35 

+45  Trace  fuzzy. 

10 

15 

10000 

10020 

+ 15 

+35  Pulse  and  dial 
had  a 10-foot  jitter  (Operate 
position) 

10 

13 

10000 

10000 

Impossible  to  caiiorate  properly; 

doable  circle  and  poises  noted;  zero 
marker  above  the  lower  circle  and 
difficult  to  see. 


Smallest  error 
Greatest  error 
Mean  error 


+ 8 feet 
+50  feet 
+34  feet 
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Ind. 

No. 

RT 

Ho. 

Surveyed  Distance 

Dial 

Scope 

Error 

11 

15 

5000 

5025 

+10 

+35 

11 

16 

5000 

504s 

+ 0 

+4S 

11 

16 

5000 

5050 

-10 

+4o 

11 

15 

5000 

5020 

+20 

+40  Scope  in- 
tensity varied. 

11 

15 

5500 

547s 

+40 

+18 

11 

15 

6500 

652s 

+10 

+3S  Scope  in- 
tensity varied. 

11 

15 

7275 

7905 

+20 

+50 

11 

15 

2375 

S3S0 

+30 

+35 

11 

15 

2275 

S910 

+ 5 

+4o 

11 

15 

9375 

9395 

+25 

+45 

11 

15 

10000 

10035 

+ 5 

+4o 

11 

13 

10000 

10015 

+25 

+4o 

Smallest  error  +1S  feet 
Greatest  error  +50  feet 
I-Iean  error  +39  feet 
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Ind. 

RI 

Ho. 

HO. 

Surveyed  Distance 

Dial 

Scope 

Error 

12  11  7750  Indicator  did  not  function  during  ARE  test 

of  1 August  1349.  Dials  went  to  maximum  limit 
stop  and  wo aid  not  return  to  0 in  Calibrate 
position. 

17  August  13^+9  test  after  repair  "by  RCA 

12  15  5000  503O  H20  - +50 

12  15  5500  Did  not  pick  up  target.  Dial  read  5040  feet 

instead  of  0 in  Calibrate  position.  Marker  and 


pulse  normal 

• 

13 

13 

7S75 

7920 

+30 

+75 

13 

11 

7S75 

7330 

+10 

+65 

13 

11 

7S75 

7SS0 

+50 

+65 

3-3 

11 

7375 

7920 

+25 

+70 

13 

11 

7S?S ' 

7910 

+35 

+70 

13 

11 

7765 

+40 

+55 

13 

11 

7500 

7525 

+25 

+50 

13 

11 

7625 

7640 

+4o 

+55 

E+ery  3 seconds  dial  oscillated  about  100  feet.  Repaired  and  aligned 
by  RCA*  iiov/ever  it  failed  to  v/ork  for  RCA  test.  Trouble  sJjpoting  by 
RCA  incomplete  due  to  lack  of  time. 

Smallest  error  +50  feet 

Greatest  error  +75  feet 

Mean  error  +63  feet 
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Ind. 

No. 

SI 

No. 

Surveyed  Distance 

Dial 

Scope 

Error 

l4 

15 

5000 

5010 

+25 

+35 

l4 

15 

5000 

5015 

+30 

+45 

l4 

15 

5000 

5023 

+15 

+43 

Scope  intensity  varied.  Dial  oscillated  in  Calibrate  position.  In 
Operate  position  on  target,  dial  stopped  rotating  momentarily,  then 
rotated  ccw  about  4o  feet  for  a new  reading. 

l4 

15 

5500 

5470 

+50 

+20 

l4 

15 

65OO 

65OO 

+60 

+60 

Scope 

low, 

intensity  varied  and  was  not  visible  at 
scope  indications  fuzzy;  focus  adjustment 

times.  Pulse  amplitude 
did  not  clear  fuzziness. 

l4 

15 

7275 

7900 

+10 

+35  Scope  'in- 
dications fuzzy. 

l4 

15 

2375 

3350 

+50 

+25  Scope  intensity 
varied.  Pulse  amplitude 
low. 

l4 

15 

3375 

8330 

+30 

+35  Pulse  amplitude 
50$  of  normal  and  varied 
in  contour. 

l4 

15 

9375 

9390 

+30 

+45 

l4 

15 

10000 

100  2U 

+15 

+35  Pulse  amplitude 
50$  of  normal.  Dial  and 
pulse  had  a 10-foot  jitter 
(Operate  position) . 

i4 

13 

10000 

10020 

+25 

+45  Pulse  amplitude 
low,  dial  and  pulse  jitter, 
scope  indications  fuzzy. 

i4 

13 

10000 

10030 

+15 

+45 

l4 

13 

10000 

Could 

not 

, calibrate,  scope  indications  fuzzy. 

Smallest  error 

+20  f eet ' 

Greatest  error 

+60  feet 

Mean  error 

+33  feet 
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Ind. 

Ho. 

El 

Ho. 

Surveyed  Distance 

Dial 

Scope 

Error 

15 

13 

5000 

5020 

+30 

+50 

15 

13 

5125 

5160 

+15 

+50 

15 

13 

5250 

5290 

+10 

+50 

15 

13 

5375 

5410 

+20 

+55 

15 

13 

5500 

5540 

+10 

+50 

15 

13 

5625 

5640 

+30 

+45 

15 

13 

5750 

5775 

+25 

+50 

15 

13 

6500 

6540 

+10 

+50 

15 

11 

7750 

7790 

+20 

+60 

15 

13 

7275 

7910 

+20 

+55 

15 

11 

7275 

7900 

+30 

+55 

15 

l4 

7275 

7920 

+10 

+55 

15 

13 

7S75 

7910 

+20 

+55 

15 

n 

7275 

7910 

+10 

+45 

15 

13 

7275 

7905 

+25 

+55 

The  indicator  was  tested  on  26  August  in  the  Laboratory  after  completion  of  tests 
at  the  surveyed  range  and  it  is  observed  that  the  dial  and  pulse  had  a 20-foot 
jitter  in  the  Calibrate  position.  A one-hour  warm-up  did  not  eliminate  the  jitter. 


16 


Smallest  error  +45  feet 

Greatest  error  +60  feet 


Mean  error 


+52  feet 


11  Failed  on  first  reading. 

ECA  did  some  trouble  shooting;  however,  due  to  lack 
of  time  repairs  were  not  completed. 


S3 
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Ground  Jests  of  Altimeter  .ajj/APll-57*  Summary  of  Results 


Part  II 

(Readings 

lv  SCn.) 

y 

r ^ 

«t 

C\j 

1— I 
l 

0 

H 

Ind. 

No . 

ST 

ITo. 

Surveyed  Distance 

Dial 

Scope 

Error 

6 

13 

5250 

5230 

0 

+40 

5500 

5540 

+10 

+50 

6000 

6O35 

+10 

+45 

65OO 

6530 

+30 

+60 

7500  Intermittent. 

No  readin, 

dal-  Scope 

intensity  varied. 

6 

13 

8375 

2410 

+15 

+50 

8275 

2303 

+20 

+42 

9375  So  marker  reading. 

Small 

,est  error 

+40  feet 

Greatest  error 

+60  feet 

Mean 

error 

+42  feet 

3U 
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Ind. 

Ho. 

EI 

Ho. 

Surveyed  Distance 

Dial 

Scope 

Error 

9 

13 

5250 

5290 

0 

+42 

9 

13 

5500 

5535 

+10 

+45 

0 

13 

6000 

6016 

+25 

+4i 

9 

13 

65OO 

6533 

+10 

+43 

9 

13 

7500 

7522 

+15 

+43 

9 

13 

7275 

7292 

+10 

+33 

9 

13 

2375  Circle  failure, 

no  readings  - scope 

intensity  varied 

9 

13 

2275 

S903 

+20 

+4S 

9 

13 

9375 

9405 

+20 

+50 

9 

13 

9275 

990S 

+20 

+53 

9 

14 

9275 

9290 

+45 

0 

+ 

9 

12 

9275 

9273 

+55 

+53 

9 

16 

9275 

9912 

0 

+43 

Smallest  error 

+33 

feet 

Greatest  error 

+60 

feet 

Lie  an  error 

+46 

feet 

WADC  TR  52-193  S5 


Ind. 

Ho. 


ai 

Ho. 


Surveyed  Distance 


Dial 


Hrror 


Scope 


10 

13 

5250 

5270 

+25 

+45 

10 

13 

5500 

5525 

+30 

+55 

10 

13 

6000 

6008 

+45 

+53 

10 

13 

6500 

S527 

+25 

+52 

10 

13 

7500 

7513 

+4o 

+53 

10 

13 

7^75 

7885 

+50 

+60 

10 

13 

3375 

S390 

440 

+55 

10 

13 

ss  75 

8880 

+55 

+60 

10 

13 

9375 

9370 

+55 

+50 

10 

13 

9S75 

988? 

+4o 

+53 

10 

l4 

9375 

9900 

+4o 

+65 

10 

i4 

9375 

9893 

+40 

+58 

10 

l4 

9875 

9395 

+35 

+55 

10 

12 

9875 

9370 

+40 

+35 

10 

12 

9875 

9375 

+4o 

+4o 

10 

16 

9375 

9885 

+45 

+55 

Smallest  error 

+35  feet 

Greatest  error 

+65  feet 

Mean  error 

+53  feet 
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IncL. 

Ho. 


SI 

Ho. 


Surveyed  Distance 


Dial Scope 


Error 


12 

13 

5375 

S4l0 

+15 

+50 

12 

13 

3375 

2300 

+20 

+45 

12 

13 

9375 

9395 

+20 

+45 

12 

13 

3S75 

9900 

+25 

+50 

12 

l4 

3375 

9910 

+20 

+55 

12 

12 

3375 

3304 

+25 

+54 

12 

16 

3375 

9305 

+25 

+55 

Smallest  error 

+45  feet 

Great 

est  error 

+55  feet 

Mean 

error 

+51  feet 
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Illd. 

Do. 

RT 

Do. 

Surveyed  Distance 

Dial 

Scope 

Error 

15 

13 

5000 

5O35 

+5 

+4o 

15 

13 

5250 

5225 

+5 

+4o 

15 

13 

5500 

5553 

+10 

+'03 

15 

13 

5750 

5775 

+12 

+37 

15 

13 

6000 

6025 

+20 

+5-1-5 

15 

13 

6250 

6205 

+15 

+50 

15 

13 

65OO 

S540 

+5 

+45 

15 

13 

7300 

7540 

+S 

+4s 

15 

13 

7750 

7720 

+20 

+50 

15 

13 

7275 

7905 

+1S 

+4S 

15 

13 

SI  22 

SI  60 

+13 

+50 

15 

13 

2375 

S4i5 

+5 

+4S 

15 

13 

SS25 

S670 

+5 

+50 

15 

13 

SS75 

S915 

+S 

+4S 

15 

13 

3125 

9160 

+s 

+43 

15 

13 

3373 

3405 

+15 

+45 

15 

13 

SS25 

9660 

+15 

+50 

15 

13 

3277 

3910 

+10 

+43 

15 

13 

10002 

10035 

+5 

+32 

Snail est  error 

+37 

feet 

Greatest  error 

+50 

feet 

Mean  error 

+45 

feet 
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APPENDIX  71 

Results  of  Ground.  Test  of  Altimeter  AN/APN-57  7 Qfc*  19^9 

Conducted  at  Area  C,  Wright-Patterson  APB 

Second  Series 

YIDEO  PULSE  SET  TO  -40  PT.  IN 
CALIBRATE  P0SITI01T  POR  ALL  TESTS 

OHE  INDICATOR  AND  ONE  R-T  UNIT  AT  VARIOUS  DISTANCES 


INDICATOR 

R-T 

SURVEYED 

DISTANCE 

DIAL 

SCOPE 

INDICATED 

DISTANCE 

ERROR 

g 

15 

5000 

5043 

-43 

5000 

0 

N 

n 

5500 

5530 

-4o 

5490 

-10 

n 

it 

6000 

6035 

-25 

6010 

+10 

n 

it 

7875 

7890 

-35 

7855 

-20 

n 

it 

8125 

S145 

-35 

S110 

-15 

« 

it 

8375 

8390 

-30 

3360 

-15 

n 

tt 

8875 

S900 

-4o 

gg60 

-15 

H 

it 

9375 

94io 

-4o 

9370 

- 5 

n 

n 

10,000 

10, 030 

-4o 

9990 

-10 

11 

15 

5,ooo 

5,oio 

- 5 

5,005 

+ 5 

it 

it 

5,500 

5,500 

+ 5 

5,505 

+ 5 

tt 

u 

6,ooo 

5,995 

+10 

6,005 

+ 5 

H 

n 

7,875 

7.875 

0 

7.875 

0 

It 

tt 

8»  - 25 

8,125 

0 

8,125 

0 

It 

tt 

3,375 

8,385 

0 

8,385 

+10 

n 

n 

8,875 

s.ggc 

0 

g,ggo 

+ 5 

tt 

it 

9,375 

9,360 

+25 

9,385 

+10 

it 

it 

10,000 

10,015 

-10 

10,005 

+ 5 
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OInTE  INDICATOR  AND  ONE  R-I  UNIT  AT  VARIOUS  DISTANCES 


INDICATOR 

R-T 

SURVEYED 

DISTANCE 

DIAL 

SCORE 

INDICATED 

DISTANCE 

ERROR 

15 

15 

5,000 

5.02S 

-35 

4,993 

-7 

n 

11 

5,500 

5,525 

-30 

5,495 

-5 

11 

11 

6,000 

6,030 

-35 

5,995 

-5 

11 

11 

7,375 

7,905 

-35 

7,370 

-5 

11 

11 

3,125 

S.,l60 

-4o 

3,120 

-5 

11 

11 

3,375 

s,4io 

-4o 

3,370 

-5 

11 

11 

3,375 

3,909 

-4o 

S.S69 

-6 

n 

11 

9,375 

9,4os 

-30 

9,473 

+3 

n 

n 

10, 000 

10,035 

-4o 

9,995 

-5 
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01® 

R-I  TJ1TIT  WITH 

VARIOUS  I1TD 10- 

HORS,  AT  TWO 

DISTANCES 

INDICATOR 

R-I 

SURVEYED 

distance 

DIAL 

SO  OPS 

I1TDI  GATED 
DISTANCE 

ERROR. 

S 

11 

2,375 

2,390 

-20 

2,370 

-5 

s 

H 

10,000 

10,030 

-30 

3.0,000 

0 

11 

II 

2,375 

2,350 

+4o 

2,330 

+15 

11 

11 

10,000 

9,995 

+20 

10,015 

+15 

15 

11 

S,  375 

2,395 

-25 

2,370 

j 

15 

II 

10,000 

10,020 

-25 

9,995 

-5 

rt 

O 

13 

s,  375 

2,325 

-30 

2,365 

-10 

s 

II 

10,000 

10,025 

-25 

10, 000 

0 

11 

II 

2,375 

2,362 

+12 

2,320 

+5 

11 

II 

10,000 

9,990 

+10 

10,000 

0 

15 

II 

2,375 

2,400 

-30 

2,370 

-5 

15 

II 

10,000 

10,029 

-32 

9,997 

-3 

2 

15 

2,375 

2,390 

-30 

2,360 

-15 

2 

II 

10,000 

10,030 

-4o 

9.990 

-10 

11 

II 

2,375 

2,325 

0 

2,325 

+10 

11 

II 

10,000 

10,015 

-10 

10,005 

+5 

15 

II 

2,375 

2,4l0 

-4o 

2,370 

-5 

15 

II 

10,000 

10,035 

-4o 

9,995 

-5 
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0113  INDICATOR  WITH  VARIOUS  R-T  UUITS,  aT  TWO  DISTANCES 


INDICATOR  R-I 

SURVEYED 

DISTAilCE 

DIAL 

SCOPE 

INDICATED 

DISTANCE 

ERROR 

S 

11 

2,375 

2,390 

-20 

2,370 

-5 

11 

11 

10,000 

10,030 

-30 

10,000 

0 

11 

13 

s,375 

2,3  25 

-20 

2,365 

-10 

n 

13 

10,000 

10,025 

-25 

10,000 

0 

II 

15 

2,375 

2,390 

-30 

3,360 

-15 

n 

15 

10, 000 

10,030 

-4o 

9,990 

-10 

11 

11 

2,375 

2,350 

+4o 

2,390 

+15 

n 

11 

10,000 

10,000 

0 

10,000 

0 

a 

13 

2,375 

S.36S 

+12 

3.3S0 

+5 

n 

13 

10,000 

9,990 

+10 

10,000 

0 

11 

15 

s,375 

2,325 

0 

2,325 

+10 

11 

15 

10,000 

10,015 

-10 

10, 005 

+5 

15 

11 

2,375 

2,395 

-25 

2,370 

-5 

11 

11 

10,000 

10,020 

-25 

9,995 

-5 

11 

13 

2,375 

s,4oo 

-30 

2,370 

-5 

11 

13 

10,000 

10,029 

-32 

9,997 

-3 

n 

15 

2,375 

s,4io 

-40 

2,370 

-5 

11 

15 

10,000 

10,035 

-4o 

9,995 

-5 
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APPENDIX  VII 

ACCURACY  TEST  OP  ALTIMETER  AN/AEN-57 
AT  EDWARDS  AIR  FORCE  BASE 

TEST  PROGRAM  AND  DATA 
ORDNANCE  DEPARTMENT 

ABERDEEN  BOMBING  MISSION  Pegee/fk 

EDWARDS  AIR  FORCE  BASE  Ext.  l6S 

MUROC,  CALIFORNIA  9 January  1950 


WORE  SHEET 


SUBJECT:  Accuracy  Test  of  Radar  Altimeters  AN/APN-42(XA-2),  AN/apN-57.  SCR-718-C. 


, 10: 


All  personnel  concerned. 


1.  General 


a.  The  following  described  test  is  authorized  by  teletype  ORDBG-DPA 
5127,  31  August  1949.  Additional  reference  file  ABM  413.44/4,  25  July  1949;  file 
ABM  413.44/5,  24  August  19495  ABM  413.44/7,  10  October  1949. 


b.  The  purpose  of  the  program  is  to  provide  data  for  comparison  of 
the  aircraft  altitude  at  a given  point  as  determined  by  the  Precision  Range 
instrumentation  against  the  altitude  registered  by  the  subject  Radar  Altimeters 
of  a B-29  Test  aircraft  at  the  same  point  and  at  the  same  time. 


c.  The  following  described  program  of  fL ights  was  established  by 
agreement  at  a conference  6 March  195®,  Lt.  Col.  John  D.  Armitage,  Commanding 
Officer  of  ABM,  Mr.  Pegee  and  Mr.  Scharf  representing  ABM,  and  Mr.  Segen,  Mr. 
Limoli,  and  Mr.  Georgi  representing  AMC  relative  to  the  subject  test. 

d.  AMC  Project  - E.  0.  108-90. 


2.  Field  Data  Required 

a.  Instrumentation  required  for  each  run  is  specified  by  Paragraph 
5,  "Test  Flights". 

b.  Normal  SOP  for  ballistic  data  bombing  except: 

(1)  Camera  plates  will  be  identified  by  station  designation, 
date  and  by  Pass  Number  as  indicated  Para.  5»  "Test  Flight ".  Each  pass  is 
equivalent  to  a normal  bomb  run. 

(2)  Askanias  not  required  except  on  pass  19 . 

(3)  Mitchell,  Bowen-Xnapp  station  will  not  be  operated. 
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(4)  Oscillograph  iri.ll  record  all  runs.  Instrumentation  such  as 
S.i-I. , Geophones,  etc.,  not  required  will  not  "be  operated  or  not  recorded  during 
runs. 

(5)  Impact  area  need  not  "be  manned  nor  is  weather  date,  required 
for  this  program. 

(6)  All  field  notes  rill  show  the  applicable  pass  number  rather 
than  the  normal  ABM  round  numbers. 

c.  The  set  of  plates  of  hi1  Cameras  will  be  coded  the  same  as  for  B-45 
missions;  the  aB  plates  as  for  the  B-29  missions.  The  Program  Director  should 

be  guided  bp  the  desirability  for  a maximum  number  of  images  on  each  set  of 
plates  and  will  code  at  his  discretion. 

d.  Por  guidance,  the  Chief  of  the  Range  Operations  Section  will  be 
provided  an  outline  of  the  functioning  characteristics  of  the  ABM  electronic 
set-up  in  the  aircraft,  its  operation  and  tie-in  with  other  instrumentation  in 
the  aircraft. 

e.  Except  for  Passes  1 and  2,  Survey  Data  required  will  be  made 

the  subject  of  a separate  directive  based  on  the  results  of  the  first  two  passes 
over  the  range. 

f.  Survey  Data  for  the  first  two  passes  will  require: 

(1)  Selection  of  5 to  10  points  by  the  ABM  Computing  Unit  given 
in  a-b  coordinates. 

(2)  Establishment  and  identification  by  properly  marked  and 
reasonably  secure  stakes  of  these  points  on  the  ground  by  triangulation  from 
known  bench  marks. 

(3)  Set  eraination  of  the  elevation  of  the  selected  points. 

Means  of  determination  of  elevation  will  be  at  the  discretion  of  the  Chief  of 
Range  Operations  with  accuracy  of  determination  of  ±5  feet  the  controlling  factor. 

g.  The  Chief  of  the.  Range  Operations  Section  will  prepare  a com- 
prehensive report  of  the  details  and  observations  of  the  program  and  will  con- 
solidate and  check  all  data  submitted  to  Chief  of  Operations  Branch. 

3.  Electronics  Equipment  Installation 

a.  Electronics  instrumentation  required  in  the  aircraft  will  be 
installed  by  the  ABM  Electronics  Section. 
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b.  The  Chief  of  the  ABM  Engineering  Section  has  the  responsibility 
for  adaptation  of  the  ABM  electronics  equipment  to  the  requirements  of  the  radar 
installation  and  has  the  responsibility  of  coordinating  with  AMC  project 
personnel  all  details  to  effect  such  installation. 

c.  The  Chief  of  the  Engineering  Section  will  prepare  for  publication 
a detailed  SOP  for  operation  of  the  ABM  equipment.  A description  of  its  purpose 
and  function,  of  how  and  when  the  data  will  be  recorded  by  the  ground  instru- 
mentation, the  relationship  to  and  correlation  with  the  radar  data  plus  any 
directions  or  requirements  that  will  expedite  the  procurement  of  or  improve  the 
accuracy  of  the  data. 

d.  The  Chief  of  the  Engineering  Section  will  make  certain  the  Chief 
of  Bange  Operations  is  thoroughly  familiar  with  the  adapted  instrumentation  and 
how  it  will  be  used  prior  to  the  first  flight. 

e.  Upon  completion  of  the  Program,  the  Chief  of  the  Engineering 
Section  will  prepare  a formal  report  outlining  the  procedure,  the  execution,  and 
results  obtained.  Ho  conclusions  should  be  drawn  relative  to  the  suitability  of 
the  radar  equipment,  except  the  results  obtained  may  be  compared  to  the  results 
from  the  range  instrumentation. 

4.  ABM  Computing  Unit 

a.  The  Computing  Unit  will  be  responsible  for  reduction  of  all  data 

reqt'3  ed. 

b.  After  data  lias  been  submitted  for  pass  one  and  two} 

(1)  Ihe  Computing  Unit  will  determine  the  a,  b coordinates  for 
ten  points  at  random  and  will  give  an  azimuth  bearing  from  "A  and  B"  bench  marks, 
or  at  the  discretion  of  the  Computing  Unit  the  azimuth  reference  may  be  given 
from  other  bench  marks  if  more  desirable  for  survey  of  points. 

(2)  After  survey  for  elevation,  the  data  will  be  returned  to  the 
Computing  Unit  for  incorporation  in  tabulation  of  data. 

(3)  If  possible,  the  data  from  the  aircraft  altimeter  (35  mm  film) 
will  be  forwarded  for  inclusion  with  the  tabulation. 

c.  Details  of  operation  of  equipment  and  conduct  of  program  will  be 
forwarded  per  paragraph  3©. 

d.  Extent  of  data  required  from  remaining  passes  will  be  established, 
based  on  results  of  passes  one  and  two. 
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5.  lest  Flights 

a.  Por  convenience,  the  program  has  been  "broken  down  into  three 
flights  with  an  appropriate  number  of  passes  per  flight.  The  conditions  of 
each  pass  is  lat  r described. 

b.  Ai'C  personnel  have  been  made  aware  of  the  limitations  of  the 
ABM  ballistic  camera. field  of  view  and  all  following  described  pass.es  are  based 
on  bi-secting  as  nearly  as  possible  the  camera  base  lines  and  all  flights  will 
be  made  in  the  direction  of  the  normal  line  of  flight. 

c.  Plight  One  will  be  flown  at  26,700  feet  calibrated  indicated 
altitude  above  sea  level  (approx.  24,000  feet  above  terrain).  Por  all  passes 
flown  in  this  flight,  Ballistic  Cameras  EP  and  AB  will  be  exposed  successively 
as  the  plane  passes  into  the  respective  fields  of  view. 

Pass  1 Aircraft  straight  and  level. 

Pass  2 Aircraft  straight  and  level. 

Pass  3 Left  wing  down  5°»  Line  of  flight  straight  and  level. 

Pass  4 Left  wing  down  10°.  Line  of  flight  straight  and  level. 

Pass  5 Sight  wing  down  5°»  Line  of  flight  straight  and  level. 

Pass  6 Right  wing  down  10°.  Line  of  flight  straight  and  level. 

d.  Plight  Two  same  altitude  (26,700  feet)  and  same  ballistic  camera 
requirements  as  Plight  One. 

Pass  7 Nose  high  J>°.  Line  of  flight  straight  and  level. 

Pass  8 Nose  high  6°.  Line  of  flight  straight  and  level. 

Pass  9 Tail  high  3°*  Line  of  flight  straight  and  level. 

Pass  10  Tail  high  6°.  Line  of  flight  straight  and  level-. 

Pass  11  Aircraft  straight  and  level.  Move  radar  antenna 

3®  aft.  r 

Pass  12  Airacraft  straight  and  level.  Move  radar  antenna 
6°  aft. 

Pass  13  Aircraft  straight  and  level.  Move  radar  antenna 
3°  forward. 

Pass  14  Aircraft  straight  and  level.  Move  radar  antenna  6° 
forward. 
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e.  Plight  Three  will  "be  flown  at  18,700  feet  calibrated  indicated 
altitude  (approximately  16,000  feet  above  terrain).  Only  E and  F cameras  will 
be  operated.  Eote  requirement  for  Askanias,  Pass  19. 

Pass  15  Aircraft  straight  and  level. 

Pass  l6  Aircraft  straight  and  level. 

Pass  17  Left  wing  down  3O0.  Line  of  flight  straight  and 
level  (douhtful). 

Pass  IS  Eight  wing  down  3O0.  Line  of  flight’  straight  and 
level  (doubtful). 

Pass  19  Aircraft  straight  and  level.  Pass  will  be  made  from 
south  to  north  over  the  center  of  the  dry  lake  bed. 
Ballistic  Camera  will  not  be  used.  Askanias  will 
track  aircraft  into  beginning  of  run  and  will  start 
exposures  just  before  aircraft  reaches  south  edge  of 
lake  bed  and  will  continue  photographing  for  three 
minutes. 


/ s/  Walter  0.  Pegee 
WALTEE  0.  PEGEE 
Chief,  Operations  Branch 


APPRO TED: 


JQEE  D.  ARMITAGE 
Lt  Col,  Ord  Dept 
Commanding 
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ACCUBAGY  TEST  DATA 

pqh 

AITI.SCTEH  AlT/APIT-57 


Aberdeen  Bo;; 

Poinj  Miss 

ion 

Edwards  Air  Porce  Base 

Date  Pass 

Go ’inter 

Attitude 
of  Aircraft 
Ban’:  011211 

Correct 
Alt.  above 
Terrain 

ait/apit-57 
Alt.  Heading 

Pinal 

Difference 

l6  tor  50  1 

5s 

LVsD  1°  ITU  2° 

25,019 

25,075 

56  feet 

59 

25.02S 

25,093 

65 

60 

25,037 

25,102 

65 

65 

25, OSS 

25,153 

65 

70 

25,152 

25,225 

73 

£0  liar  50  IB 

4S 

EV/D  2°  ITU  1° 

24,336 

24,370 

34  feet 

52 

24,352 

24,330 

3s 

54 

24,371 

24,4io 

39 

57 

24.3S4 

24,420 

36 

5S 

24,390 

24,425 

35 

62 

24,4io 

24,44s 

3S 

63 

24,4i6 

24,465 

39 

67 

24,44i 

24,47S 

37 

77 

24,527 

24,571 

44 

79 

24,543 

24,600 

57 

23  Mar  30  2A 

9 

bwd  1®  Bu  i° 

23,506 

23,565 

59  feet 

10 

23,52S 

23.5SS 

60 

11 

23,5^6 

23,609 

63 

12 

23,564 

23,6^ 

60 

VADC  TH.  52-193 

9S 

Bate  Pas  s Counter  Attitude  Correct  Ai.T/APiY-57  Pinal 

of  Aircraft  Alt.  alove  Alt.  Heading  Difference 

Bank  Clixfo  Terrain 


23  Mar  50 


2 Apr  50  > 


3 Apr  50 


13 

23,576 

23,645 

65  ; 

l4 

23,535 

23,650 

65 

IS 

L t/D  9°  1 

IT  2° 

24,55s 

24,930 

432 

22 

6° 

40 

24,515 

24,020 

305 

25 

6° 

5° 

24,522 

24,s4o 

31s 

£0 

6° 

5° 

24,531 

24,395 

364 

27 

6° 

5° 

24,544 

24,960 

4i6 

33 

90 

7° 

24,655 

25,230 

625 

3s 

7° 

5° 

24,716 

25,130 

464 

44 

6° 

3° 

£4,721 

3, -SO 

359 

45 

6° 

3° 

24,7io 

-5,075 

359 

51 

6° 

3° 

24,711 

25,265 

554 

39 

Lire  io° 

24,530 

25,230 

64o 

93 

24,662 

25,470 

SOS 

94 

£4,672 

95 

24.6S2 

25,573 

891 

99 

24, 714 

25,635 

971 

103 

24, 731 

25,325 

1194 

10s 

24,745 

25,350 

1205 

111 

24, 751 

25,960 

1209 

116 

24,71s 

25,350 

1132 

119 

24,712 

25,390 

117s 
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Date 


3 Apr  50 


3 Apr  50 


Counter 

Attitude 
of  Aircraft 
Baif:  Climb 

Correct 
Alt . aBove 
terrain 

ait/apij-57  ’ 

Alt.  Reading 

Final 

Difference 

l60 

RWD  5° 

24,756 

24,93s 

122 

165 

24,231 

24,992 

l6l 

170 

24,261 

25,060 

193 

173 

24, S67 

25,105 

23S 

174 

24,270 

£5,105 

£35 

175 

24,271 

£5,130 

£59 

1S3 

24,225 

£5,075 

190 

1S7 

£4,919 

£5,l££ 

203 

191 

£4,956 

25,210 

254 

193 

£4,973 

25,220 

247 

205 

HUD  10° 

24,700 

£5,032 

332- 

ro 

0 

Cl 

24,722 

25,130 

40o 

212 

24,212 

25,135 

377 

£13 

24,225 

25,200 

375 

214 

24,231 

25,  as 

337 

£17 

24,225 

25,275 

430 

220 

24,260 

25,332 

47s 

225 

24,224 

£5,350 

466 

22S 

24,931 

25,4io 

479 

232 

24,929 

25,530 

54i 
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Dat  e Pas  s 

Counter 

At  tit ’.vie 
of  Aircraft 
Baal;  Clint) 

Correct 
Alt.  above 
Terrain 

Ail/ Ai-lT-57 

Alt . Pcaclijir 

Pinal 

Difference 

3 Apr  50  7 

£49 

HU  3° 

24,509 

vU  rvrr 

>-  ri 

76 

252 

24,559 

24 , 6p  2 

73 

£56 

24, 635 

24,690 

Kr, 
j j 

257 

24, 650 

24,712 

62 

25S 

24,560 

24,715 

55 

261 

£4,690 

-4,757 

67 

267 

24, 740 

24,302 

r 

Od 

272 

£4, 7S2 

24,372 

30 

279 

24.S64 

24,942 

lo 

232 

24,331 

24,960 

79 

3 Apr  50  s 

29S 

HU  6° 

£4,235 

24,475 

130 

303 

24,332 

24,515 

133 

311 

24,363 

24,430 

112 

317 

24,370 

24,510 

i4o 

323 

24,392 

24,550 

153 

324 

24,397 

24,560 

163 

325 

24,399 

24,550 

151 

329 

24,412 

24,575 

163 

335 

24,422 

24,590 

16s 

342 

24,454 

24,665 

£11 
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V.>4 


360 

TU  3°  23,223 

23,942 

59 

363 

23,279 

23,93° 

51 

364 

23,274 

23,922 

54 

365 

23,272 

23,33° 

52 

363 

23,262 

23,94° 

72 

372 

23,260 

23,962 

10s 

373 

23,257 

23,932 

SI 

375 

23,264 

23,33° 

66 

377 

23,225 

23,953 

62 

321 

23,937 

23,395 

52 

475 

0 

0 23,253 

23,532 

279 

476 

23,256 

23,533 

222 

4so 

23,265 

23,55° 

225 

4S2 

23,272 

23,57° 

292 

433 

23,275 

4s4 

23,279 

490 

23,323 

493 

23,346 

23,660 

314 

493 

23,326 

23,732 

352 

503 

23,411 

23,75° 

339 

Antenna  feed  6°  aft 
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Date 


Pass 


Co  mi  ter 


Final 

Difference 


Attitude  Correct  Ail/  API!-  5 7 

of  Aircraft  Alt.  aTjove  Alt.  Heading 

Ban’s  Gliifb  Terrain 


3 Apr  52  13  513  0 

0 

23>  212 

23,260 

42 

517 

23,233 

23,2SO 

47 

520 

23,265 

23,315 

50 

525 

23,234 

23,347 

53 

529 

23,315 

23,35S 

43 

532 

23,332 

Z-.-7  -7  r*  p 

o,3^5 

53 

535 

23,33S 

e~.  -y  ~tcf  C* 

oo°° 

50 

53^ 

23,344 

23,295 

51 

539 

23,321 

23,430 

43 

542 

23,394 

23,460 

66 

545 

23,405 

23,430 

75 

Antenna  feed  3°  forward 

3 Apr  5°  14  559  0 

0 

23,162 

23,250 

S3 

562 

23,101 

23,235 

104 

565 

23,196 

23,302 

106 

56S 

23,217 

23,313 

96 

574 

23,251 

23,335 

s4 

575 

23,263 

23,360 

97 

576 

23,273 

23,359 

S6 

5 si 

23,316 

23,400 

s4 

525 

23,372 

23,475 

103 

5S9 

23,391 

23,490 

99 

Antenna  feet  6°  forward 
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Date  Pass  Counter  Attitude  Correct  All/ ART- 5 7 final 

of  Aircraft  Alt.  above  Alt.  Sending  Difference 

Bank  Clink  Terrain 


22  Mar  50  15 


2S  ter  5°  l6 


23  ter  50  17^ 


10 

0 

0 

15,356 

15,412 

56 

11 

15,415 

15,472 

57 

12 

15,473 

15,535 

62 

13 

15,512 

15,520 

52 

90 

0 

0 

15,392 

15,435 

43 

91 

15,423 

15,460 

37 

95 

15,453 

15,420 

27 

96 

15,459 

14,495 

36 

97 

15,465 

15,500 

35 

101 

15,491 

15,  523 

32 

104 

15,5H 

15,550 

39 

105 

15,520 

15,55S 

32 

109 

15,5*1 

15 , 622 

47 

110 

15,529 

15,642 

53 

2 

swd 

i°  0 

15,322 

15,360 

32 

10 

15,363 

15,395 

32 

12 

15,375 

15,395 

30 

15 

i5,4o4 

15,460 

56 

16 

15,415 

15,450 

35 

17 

15,425 

15,470 

45 

IS 

HU  1° 

15,447 

15,510 

63 
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Date  Pass  Gaunter  Attitude  Correct  AIT/aPLT-57  Pinal  ' 

of  Aircraft  Alt.  above  Alt.  Heading  Difference 
Bain:  Clirib  Terrain 


23  liar  50 


Z3  Mar  50  IS 


no 

t-J 


50 


1 Q 


21 

15,4s6 

15,530 

44 

23 

15,50^ 

15,535 

49 

2k 

15,517 

120 

0 0 

15,9H 

15,974 

63 

121 

15,925 

15,979 

54 

122 

15.933 

15,932 

53 

1 r-rf 
Xuo 

16,014 

16,065 

50 

130 

16, 03s 

16,075 

37 

131 

16,047 

16,033 

52 

133 

16,061 

16,110 

49 

136 

16,020 

137 

16,035 

140 

16,10s 

16,170 

62 

182 

PAID  1°  HIT  1° 

16,603 

16,622 

19 

123 

LvvjD  1° 

16,60s 

16,625 

17 

1S7 

Ll/D  15° 

16,629 

193 

L'/D  33° 

16,656 

19,372 

3316 

194 

LI  ID  33° 

16,65s 

19,00s 

2350 

195 

Lvm  330 

16,65s 

19,790 

3132 

196 

LV/D  33° 

16,657 

i9,sso 

3223 
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Date  Pass 

Counter  Attitu.de 

of  Aircraft 

Bard'  Clirfo 

Correct 
Alt.  atove 
Terrain 

— ^ysKr-37 — 

Alt . Beading 

Pinal 

Difference 

29  Mar  50 

351 

HID  32° 

16,594 

19,220 

2626 

361 

PAD  17° 

16, 62s 

17,260 

632 

3S9 

HVD  1° 

16,64-4 

16,652 

S 

371 

mm  i° 

16,651 

16,655 

4 

374 

0 

16,656 

16,652. 

2 

373 

0 

16, 624 

16,640 

16 
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APPENDIX  VIII 


Pattern  Measurements  of  Antenna  Assembly  AS-368/APIT- 


1.  Pattern  measurements  of  Antenna  Assembly  AS-36S/APII-57  were  conducted 

at  Ipswich  Test  Station,  a part  of  the  Air  Force  Cambridge  Research  Laboratories, 
Boston,  Massachusetts,  on  15  and  l6  September  19^9  "by  Capt  Georgi  and  the 
following  personnel  of  the  Ipswich  Test  Station:  Messrs.  John  Baher,  Ralph 

Hiatt,  and  Mrs.  Tine.  These  tests  were  conducted  to  obtain  the  radiation 
patterns  of  the  antenna  with  the  feed  centered  and  with  the  feed  tilted  off 
center.  The  feed  is  tiltable  so  that  corrections  may  be  made  for  changes  of 
attitude  of  the  aircraft.  From  these  patterns  the  beam  width  at  half-power 
points  and  the  attenuation  of  the  minor  lobes  were  determined. 

2.  The  following  is  a diagram  of  the  test  setup: 


Fig.  27 

ANTENNA  TEST  SETUP 
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The  laboratory  and.  transmitter  shack  are  on  top  of  hills  approximately 
one  quarter  of  a mile  apart  with  a depression  approximately  150  feet  deep  between 
them.  This  depression  helps  to  eliminate  ground  reflections.  The  antenna  to  be 
tested  (AS-36S/APLt-57)  was  mounted  in  a mount  on  top  of  the  laboratory,  the 
mount  being  motor  driven  in  both  azimuth  and  elevation.  Radiation  was  detected 
by  a bolometer  connected  to  the  antenna  feed,  and  the  bolometer  output  was  fed 
into  an  amplifier  and  recorder.  The  antenna  on  top  of  the  transmitter  shack 
was  10  feet  in  diameter,  with  a beamwidth  of  less  than  a degree  at  X-band.  The 
crystal-controlled  transmitter  was  set  for  3.238  cm;  the  center  frequency  of 
Altimeter  AS/ AHT-57  is  9375  me. 

3.  The  patterns  were  made  in  the  following  manner:  After  the  feed  of  the 

antenna  was  accurately  centered  in  the  dish,  the  recorder  graph  paper  was 
adjusted  for  azimuth  centering;  next  the  antenna  was  adjusted  in  elevation  to 
obtain  maximum  output  so  that  the  recorder  amplifier  gain  could  be  properly  set 
and  locked.  The  antenna  mount  was  then  rotated  90  degrees  off  center  and  the 
pattern  taking  begun.  From  this  point  on,  the  only  change  in  the  test  setup 
was  that  of  altering  the  angular  position  of  the  feed  of  Antenna  Assembly 

AS-362/APIT-57. 

4.  A summary  of  the  results  as  interpreted  from  the  graphs  follows: 

Graph  #1.  For  this  measurement  the  feed  was  centered  in  the  dish 
with  a machinist  level  graduated  in  .0001  inches.  ISee  Figure  2?Q 

Results:  The  beamwidth  of  the  mainlobe  was  1.7°  ± -1°  at  the  half- 

power points.  The  side  lobes  were  down  23  db  or  more,  and  the  overall  pattern 
was  good. 


Graph  #2  (90°  graph  paper  used)  The  feed  was  adjusted  in  what 

appeared  to  be  the  center  of  the  dish  by  means  of  Trim  Control  Box  O-226/APS-lO. 
The  Trim  Control  Box  was  attached  to  the  frame  of  the  antenna  mount  and  adjusted 
so  the  ball  was  centered  before  it  was  connected  to  the  feed  of  the  antenna. 

The  antenna  dish  was  also  zeroed  in  azimuth  and  elevation;  therefore  a zero 
reference  level  was  established  between  the  two  and  any  change  from  this  could 
be  noted  on  the  trim  control  box.  It  was  however  -determined  by  measurement 
that  the  feed  was  off  center  by  approximately  JO  minutes.  [See  Figure  29T] 

Results:  The  beamwidth  of  the  main  lobe  increased  to  3°  and  one  side 

lobe  was  only  5 db  down. 

Graph  #3*  This  is  similar  to  Graph  #2  except  the  pattern  has  been 
expanded  5 to  1 (plotted  on  18°  graph  paper).  The  feed  was  centered  by  means 
of  the  trim  control  box.  |§ee  Figure  3Q3 

Results:  The  beamwidth  of  the  main  lobe  was  J.2°.  The  strongest  side 

lobe  was  down  l6  db.  The  differences  between  patterns  2 and  3 are  probably  due 
to  the  inability  of  the  engineer  to  exactly  duplicate  the  feed  centering  with 
the  trim  control  box. 


WADC  TR  52-193 


109 


Graph.  #4.  Made  with  the  feed  first  centered  and  then  shifted  off  1° 
and  2°.  gee  Figure  31 3 

Besults:  (l)  The  first  pattern  (feec!  centered),  has  a 2°  beamwidth 

and  the  side  lobes  are  26  db  down.  (2)  Ihp  second  pattern  (feed  tilted  1°  off 
center)  has  a 2.2°  beamwidth  and  the  side  lobes  are  21  db  down.  (3)  The  third 
pattern  (feed  tilted  2°  off  center)  has  a 2.2°  beamwidth  and  the  side  lobes  are 
17  db  down. 

Graph  #5,  6 and  7*  5’°*'  these  measurements  the  feed  was  first  accurately 

centered  and  then  moved  to  the  left  of  center  3°  and  6°.  6°  is  the  maximum 

available  displr cement  of  the  feed  from  center.  . (§e^  Figure  32^J 

Be  suit  ; (l)  With  the  feed  centered  (Graph  #5)  the  beamwidth  was  2° 
and  the  first  sire  lobe  was  down  13  db.  (2)  With  the  feed  tilted  off  center  3° 
(Graph  #6)  the  beamwidth  increased  to  2.4°  and  the  side  lobes  were  only  3 db 
down,  with  the  overall  pattern  of  the  antenna  poor.  (3)  With  the  feed  tilted 
off  center  6°  (Graph  #7)  'the  beamwidth  was  2.1°  and  the  side  lobes  moved  up  to 
within  6 db  of  the  main  lobe. 

Graphs  #8,  9 and  10.  The  feed  was  first  accurately  centered  and  then 
moved  to  the  right  of  center  3°  an<i  6°.  JSee  Figure  33 II 

Results:  (l)  With  the  feed  centered  (Graph  #3)  the  beamwidth  was 

2.2°  and  the  side  lobes  were  down  22  db.  (2)  With  the  feed  off  center  3°  (Graph 
#9)  the  beamwidth  was  2.4°,  the  side  lobe3  were  down  6 db,  and  the  overall 
pattern  of  the  antenna  poor.  (3)  With  the  feed  off  center' 6°  (Graph  #10)  the 
beamwidth  was  3°,  the  side  lobes  were  4 db  dowg.,  and  the  -'overall  pattern  poor. 

Conclusions: 

(l)  Due  to  the  deterioration'  of  the  antenna  pattern  when  the  feed  is 
in  any  position  except  center,  the  feed  should  be  centered  and  locked  in  that 
position.  •; 


(2)  A mathematical  study  of  the  effect  of  antenna  beamwidth  on  altitude 
readings  over  various  types  of  terrain  seems  desirable. 
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Ill 


ANGLE 

Fig.  2r6. _ Antenna  Patterns,  Antenna  Assembly  AS-36S/APN-57 


WADC  TR  52-193 


112 


Fig.  29.  Antenna  Patterns,  Antenna  Assembly  AS-368/APN-57 


Antenna  Patterns,  Antei 


FifiTf  31  • Antenna  Patterns,  Antenna  Assembly  AS-368/APN-57 


ANGLE 

Fig.  32.  Antenna  Patterns,  Antenna  Assembly  AS-368/AFN-57 


ANGLE 

Fig.  33.  Antenna  Patterns,  Antenna  Assembly  AS-36&/A-?N-57 


APFEITDIX  IX 

LIFE  TEST  — LIST  OF  PART  FAILURES 


Set  Ho. 

1 (RT  #4  with  Ind.  #l)  and  Set  Ho.  2 (RT  #3  v/ith  Ind 

..  #15) 

Circuit 

Component 

Mature 

Ref.  Ho. 

and  Function 

of  Failure 

T230 

Low-voltage  transformer 

Burned  out 

V231 

Low-voltage  rectifier  (SX^GT) 

Shorted 

V702 

Circle  amplifier  (6a^3) 

Low  emission 

H705 

Circle  amplifier  cathode  resistor 

Resistance 

increased 

V273 

Modulator  rectifier  (3324) 

Open  filament 

R276 

Primary  series  resistor 

Burned  out 

T270 

Modulator  power  supply  transf orrner 

Shorted  secondary 

T270 

it 

it 

T270 

n 

it 

Set  Ho. 

3(HT  #12  with  Ind.  #13)  and  Set  Ho.  4 (RT  #11  with 

Ind.  #16) 

— 

Shaft  coupling  insulator 

Broken 

7415 

3 kc  amplifier  (2C5l) 

Grid/ cathode  shat 

7350 

IR  tube  (1B24) 

Defective 

B270 

Blower  motor 

Shorted 

— 

Cyclic  AG-C  cable 

Shorted 

R276 

see  above 

Burned  out 

T270 

n 

Shorted  secondary 

V601 

Frequency  divider  ( 20^1 ) 

Defective 

V702 

Circle  amplifier  (6A^j) 

Defective 
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V402 

l4oi 

Low- volt  age  rectifier  (5E4GY) 
Pilter  choke 

Open  filament 
Burned  out 

V233 

¥351 

IE  keep-alive  rectifier  (9006) 
APG  crystal 

Defective 
Burned  out 

V^S  2 

Trigger  cable 

Shar  ted 

7271 

Modulator  (3C 45) 

Defective 

Y350 

Mixer  crystal 

Burned  out 

k4oi 

V401 

2402 

Delayed  B+  relay 
Low-voltage  rectifier  (534gY) 
Delay  line 

Gro  traded 
Open  filament 
Open 

7425 

Phase  detector  (2D2l) 

Defective 

w4o6 

I-f  input  cable 

Broken 

¥423 

3 kc  square  wave  delay  (6a^5) 

Defective 

V332 

Local  oscillator  (723E./B) 

Defective 

1270 

Modulator  power  supply  transformer 

Shorted  secondary 

T270 

11 

Prim./ sec.,  short 

04o4 

z402 

v423 

t4oi 

Regulated  B+  filter 
Delay  line 

3 kc  square  wave  delay  (6a^5) 
Low-voltage  power  transformer 

Impregnant  leaked 
Shorted 
Defective 
Primary  open  and 
shorted  to  sec. 

Mote : 

Grouped  components  represent  a simultaneous  breakdown. 
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DISTRIBUTION  LIST  NOR  WADC  TECHNICAL  REPORT  52-193 


CYS 

ACTIVITIES  AT  W-PANB 

CYS 

ACTIVITIES 

2 

DSG-SA 

DEPT  ON  DENENSE  ACTIVITIES 
OTHER  THAN  THOSE  AT  W-PANB 

2 

WCOWP  (Nor  RAND  Corp.) 

Air  Norce 

1 

Director  of  Research  and 

4 

BAGR-CD,  Mrs.  D.  Martin 

Development 
Headquarters,  USAN 

3 

WCL0T1 

Washington  25,  D.  C. 

30 

WCLR 

1 

Commanding  General 

Air  Research  and  Development 

2 

WCAPP 

Command 

P.  0.  Box  1395 

1 

WCLC 

ATTN:  RDDEN 
Baltimore  3»  Maryland 

1 

WCLRR 

1 

Chief,  USAN  Development  Nield 

1 

WCLN 

Office 

Air  Research  and  Development 

2 

WCLNM 

Command 

Naval  Research  Laboratory 

1 

WCLG 

Washington  25,  D.  C. 

1 

WCLO 

1 

Commanding  General 

Air  Proving  Ground  Command 

1 

WCLE 

ATTN:  Class.  Technical  Data 

Branch  D/OI 

1 

WCOW 

Eglin  Air  Norce  Base,  Nlorida 

1 

WCE 

2 

Commanding  General 

Air  Proving  Ground  Command 

1 

WCT 

ATTN:  Project  SSB/219-A 
Eglin  Air  Norce  Base,  Nlorida 

1 

MCPPLC 

1 

Director 

1 

MCPPRC 

Air  University  Library 

1 

MCMCXR 

Maxwell  Air  Norce  Base,  Alabama 

1 

MCLI 

1 

Director  of  Communications  and 

Electronics 

1 

MCLS 

Air  Defense  Command 
Bnt  Air  Norce  Base 

1 

MCLAPG 

ATTN:  AC&W  Coordinating  Division 
Colorado  Springs,  Colorado 

2 

MCLAEB 

ATI 

1 

iommanding  General 

1 

Strategic  Air  Command 

ATTN:  Operations  Analysis  Office 
Offutt  Air  Norce  Base,  Nebraska 
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CYS 

ACTIVITIES 

CYS 

ACTIVITIES 

Navy 

1 

Commanding  General 

Chief  of  Naval  Research 

AT  Flight  Test  Center 

Department  of  the  Navy 

Edwards  Air  Force  Base 

Washington  25,  D.  C. 

California 

6 

ATEN:  Planning  Div. , Code 

N-4S2 

1 

Commanding  General 

1 

ATTN:  Elec.  Section,  Code 

Borne  Air  Development  Center 
ATTN:  ENR 

427 

Griffiss  Air  Force  Base 

11 

Chief,  Bureau  of  Ordnance 

Borne,  New  York 

Department  of  the  Navy 
ATTN:  Code  AD-3 

1 

Commanding  General 

Air  Force  Cambridge  Be  search 

Washington  25.  D.  0. 

Center 

l 

Chief  of  Naval  Operations 

ATTN:  EBR 

Department  of  the  Navy 

230  Albany  Street 

ATTN:  QP-42-B2 

Cambridge  39.  Massachusetts 

Washington  25,  D.  C. 

1 

Director  of  Requirements 

l 

Chief,  Bureau  of  Ships 

Headquarters,  USAF 

Department  of  the  Navy 

Washington  25,  D.  C. 

ATTN:  Technical  Data  Section 
Washington  25,  D.  C. 

1 

Commanding  General 
Second  Air  Force 

1 

Director 

Barksdale  Air  Force  Base 

U.  S.  Naval  Research  Laboratory 

Louisiana 

ATTN:  Technical  Data  Section 

Washington  25,  D.  C. 

1 

Commanding  Officer 

91st  Strategic  Reconnaissance 

l 

CO  & Director 

Wing 

U.  S.  Navy  Electronics  Laboratory 

Lockbourne  Air  Force  Base 

San  Diego  52,  California 

Ohio 

l 

Commander 

1 

Commanding  General 

U.  S.  Naval  Ordnance  Tent  Station 

55th  Strategic  Reconnaissance 

Inyoke rn 

Wing 

China  Lake,  California 

Ramey  Air  Force  Base 
Agoadilla,  Puerto  Rico 

l 

Super int endent 

1 

Joint  Tactical 
Air  Support  Board 
Fort  Bragg,  N.  C. 

United  States  Naval  Postgraduate 
School 

Monterey,  California 

1 

Commander 

U.  S.  Naval  Air  Development 

Center 

ATTN:  Electronics  Laboratory 
Johnsville,  Pennsylvania 
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CYS  ACTIVITIES 
Navy 

1 Commander 

U.  S.  Naval  Ordnance  Laboratory 
Silver  Spring  19,  Maryland 

Army 

2 Commanding  Officer 

Signal  Corps  Eng  Laboratory 
ATTN:  Technical  Reports  Library 
Port  Monmouth,  New  Jersey 

1 OCSigO  (SIGGD) 

Engineering  & Technical  Division 
Washington  25,  D.  C. 

Research  and  Development  Board 

2 Research  and  Development  Board 
Library  Branch,  Info.  Offices 
ATTN:  C.  R.  Plagg,  Bm  3D10la 
The  Pentagon 

Washington  25,  D.  C. 

Special  Projects 

1 Document  Room 

Project  LINCOLN 

Massachusetts  Institute  of  Tech- 
nology 

p.  o.  Box  390 

Cambridge  39,  Massachusetts 
ATTN:  Ethel  R.  Branz 


CYS  ACTIVITIES 

OTHER  U.S.  GOVERNMENT  AGENCIES 

2 TJ.  S.  Coast  and  Geodetic  Survey 
Department  of  Commerce 
Washington  25,  D.  C. 

OTHER 

2 Mapping  & Charting  Res  Lab 
The  OSU  Research  Foundation 
Columbus,  Ohio 

2 Radio  Corporation  of  America 
RCA  Victor  Division 
Aviation  Equipment  Engineering 
Camden  2,  New  Jersey 
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